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Objective: Calcitonin (Ctn) measurement is crucial for the early diagnosis of
medullary thyroid carcinoma (MTC). However, Ctn levels can be skewed/
elevated due to other reasons, and the Ctn upper reference value remains
controversial. In this field, studies have heterogeneous settings, published data
are controversial, and no evidence has been achieved. The study’'s aim was to
evaluate all previously investigated Ctn determinants in a population with
histological exclusion of MTC.

Methods: The institutional records from 2010 to 2022 were reviewed to select
patients with thyroid nodules who had undergone total thyroidectomy with
histological exclusion of MTC and who had tested for Ctn just before surgery.
Thyroid features, demographic and anthropometric data, comorbidities,
medications, and lifestyle information were collected. Univariate and
multivariate analyses were performed.

Results: A total of 127 cases were included. The median age for thyroidectomy was
51 years. Median Ctn was 1.04 pg/mL (interquartile range (IQR) 1.04-2.77), with two
cases having values above 10 pg/mL. In univariate analysis, Ctn was correlated with
gender (p < 0.001), body weight (p = 0.016), height (p = 0.031), body surface area (p =
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0.016), thyroid size (p = 0.03), thyroglobulin (p < 0.001), and chronic kidney disease
(p < 0.001). After multivariate analysis, the model with the highest accuracy included
gender, chronic kidney disease, and thyroid-stimulating hormone (TSH) with an
adjusted R-squared of 0.4.

Conclusions: This study demonstrates, in a population histologically proven as
MTC-free, that the Ctn value is mainly influenced by gender, anthropometric/
thyroid features, and chronic kidney disease, with the further impact of TSH.

KEYWORDS

calcitonin, determinants, thyroid nodules, medullary thyroid carcinoma,
anthropometric characteristics, drugs, interference

Introduction

Medullary thyroid carcinoma (MTC) originates from thyroid C
cells and can be associated with poor/fatal prognosis depending on
its stage at diagnosis and initial treatment (1). Even if calcitonin
(Ctn) is well recognized as essential to diagnose MTC (2), its routine
measurement in patients with thyroid nodules is not universally
accepted for several reasons. First, MTC is an infrequent cancer.
Second, the Ctn value may depend on the assay and other individual
factors (3). Third, although it is proven that the higher the Ctn
value, the higher the likelihood to detect MTC, we cannot use a
fixed Ctn threshold to exclude it (4, 5). On the one hand, Ctn levels
>100 pg/mL are virtually diagnostic for MTC, and Ctn below the
upper reference limit virtually excludes it. On the other hand, Ctn
between the upper reference limit and 100 pg/mL (indeterminate
Ctn) merits to be carefully interpreted (4-6). Moreover, although
the evidence-based data indicate that 0.11%-0.85% of patients with
thyroid nodules can harbor MTC (7), no univocal recommendation
is available from international societies about using or not Ctn as a
screening test in patients with thyroid nodules (4, 5, 8, 9).

Among the above issues, the matter of factors influencing Ctn
value is still open. In addition to those factors increasing Ctn levels
by physio-pathological mechanisms, such as chronic kidney disease
(CKD) and bacterial infection, the influence of intrinsic patient
characteristics has been also suggested as a determinant of Ctn
upper reference value. Particularly, men should have a higher Ctn
than women, and it has been hypothesized that Ctn value changes
according to thyroid size, thyroid-stimulating hormone (TSH)
value, thyroid autoimmunity, cigarette smoking habits, alcohol
consumption, and use of proton pump inhibitors (PPIs).
Nevertheless, these findings have not achieved full consideration
for several reasons. Indeed, these data derive from unselected
populations and are somewhat discordant among studies (10-19).
Also, a major concern about these findings is that the studies did not
fully exclude the presence of MTC. Indeed, inadequate/suboptimal
standard of reference has been used since patients were defined as
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MTC-free according to fine-needle aspiration cytology (FNAC) (20,
21) or even palpation (10). In addition, thyroid volume was always
calculated on ultrasound, which represents an estimation bias.
Thus, due to the fragility of data, the interferents or the
determinants of Ctn values are still under debate.

With these premises, the present study was conceived to achieve
higher evidence about the role of thyroid features (i.e., thyroid size,
hormones, and autoimmunity), demographic data (i.e., gender and
age), anthropometric characteristics (i.e., weight and body
measurements), comorbidities (i.e., CKD), medications (i.e., PPI),
and smoking as determinants of Ctn value. Importantly, to perform
a full analysis, differently from all the previous studies on this topic,
here, only patients who had undergone total thyroidectomy with
histologically proven exclusion of MTC were included.

Methods
Study design and data extraction

According to the study conceptualization, the institutional
database was screened to find the specific setting of patients with
thyroid nodules who had undergone total thyroidectomy and who
had tested for Ctn just before surgery. In fact, patients undergoing
thyroid surgery at our institution are generally tested for Ctn just
before the operation. The study period was set from January 2010 to
October 2022. Later, patients with active bacterial infection or who
refused to participate in the study were excluded. Then, the
following data were extracted from records of all included cases:
gender, age on thyroidectomy, histological diagnosis, thyroid size
expressed in grams of weight recorded during histological
examination, value of Ctn, thyroid hormones, thyroglobulin (Tg),
anti-thyroid antibodies (T-Ab) collected just before surgery,
comorbidities with potential to influence Ctn (i.e., CKD),
medications (i.e., PPI), and smoking (i.e., current smoker, ex-
smoker, and non-smoker).
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Reference standard for excluding MTC

The histological diagnosis was the gold standard for diagnosis,
allowing us to include in the study only patients without MTC and
C-cell hyperplasia.

Laboratory tests

The measurement of Ctn was performed on the Immulite 2000
XPi platform (Siemens Healthcare Diagnostics, Malvern, PA, USA)
until February 2019 and on the Cobas 8000 platform (Roche
Diagnostics, Basel, Switzerland) since March 2019. Thyroid
hormones and T-Ab were measured on the Immulite 2000
platform (Siemens Healthcare Diagnostics) until 2018 and Cobas
6800 (Roche Diagnostics) later.

Ethics

The study was approved by the Tessin Cantonal Ethics Committee.

Statistical analysis

Univariate analyses were performed for all parameters to assess
their correlation with the Ctn value and their mutual relationship.
The parameters herein included as potential Ctn determinants were
considered as dichotomic and/or continuous variables when
clinically appropriate. Dichotomic variables were expressed as
positive/altered or negative/normal. Continuous variables were
reported as median and interquartile range (IQR). The correlation
between Ctn and continuous parameters was analyzed by Pearson’s
test. Paired and unpaired data of continuous variables from two
groups were compared using the Mann-Whitney test. Stepwise
multivariate regression analysis was performed to evaluate which
variables influence Ctn independently from the other ones.
Statistical significance was set at p < 0.05.

Results
Patient flow and main data

According to the above selection criteria, 128 subjects were
enrolled in the study, of whom one refused to be included. The 127
included cases (88 women) presented a median age on
thyroidectomy of 51 years. Median Ctn was 1.04 pg/mL (min
0.35, max 18.72, IQR 1.04-2.77). Only two cases had Ctn above
10 pg/mL. Data of determinants included in the study were
generally available in the series. No significant difference was
found when comparing Ctn values recorded using the two
different assays employed during the study period. Specifically,
there were no significant differences between the two assays in
terms of median and IQR of Ctn, and the two assays did not show
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different Ctn values according to the variables included in the
present study. Tables 1, 2 illustrate the results of the analysis
considering continuous and dichotomic variables, respectively.

Thyroid features (i.e., thyroid size,
malignancy, hormones, and autoimmunity)

Thyroid weight recorded during histological examination was
positively correlated with Ctn (p = 0.03). Thyroglobulin was
significantly correlated with Ctn (p < 0.001). Thyroid hormones
and T-Ab were not associated with Ctn. The histological diagnosis
of differentiated thyroid carcinoma was not associated with Ctn.

Demographic data

A significant association between gender and Ctn was observed
(p < 0.001). As shown in Figure 1, when the Ctn value of men (3.12
pg/mL, IQR 2.08-5.89) was compared with that of women (2.08 pg/
mL, IQR 0.69-2.08), a significant difference was found (p < 0.001).
Age was not significantly associated with Ctn; the population was
also analyzed according to age tertiles and quartiles, and no
significant difference in Ctn values was observed among subgroups.

Anthropometric characteristics

Body weight (p = 0.016), height (p = 0.031), and body surface
area (BSA) (p = 0.016) were significantly correlated with Ctn. No
correlation was found between BMI and Ctn.

TABLE 1 Analysis of correlation between all continuous variables and
Ctn value.

Median
value (IQR)

Cases with
available
data

Parameter

Age (years) 127 51.0 (40.5-60.0) 0.102
Body 119 68.0 (58.0-82.5) 0.016
weight (kg)

Height (cm) 113 166.0 (159.0-172.0) 0.031
BMI (kg/mz) 113 24.5 (22.2-28.8) 0.227
BSA (mz) 113 1.8 (1.6-2.0) 0.016
Thyroid 120 27.1 (16.2-48.4) 0.026
weight (g)

TSH (mIU/L) 116 1.4 (0.5-2.1) 0.445
Free T3 62 5.1 (4.6-5.8) 0.190
(pmol/L)

Free T4 66 13.9 (10.5-16.1) 0.166
(pmol/L)

Thyroglobulin 94 33.8 (11.4-107.7) <0.001
(ng/L)

IQR, interquartile range; BMI, body mass index; BSA, body surface area; Ctn, calcitonin.
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TABLE 2 Analysis of association between dichotomic variables and
Ctn value.

Parameter Cases with | Value
available
data
Gender 127 88 women <0.001
Kidney function 123 4 with CKD <0.001
PPI 124 11 users 0.21
Thyroglobulin 94 37 higher than 0.32
normal reference
T-Abs 83 28 positives 0.73
Other 127 77 with PTC 0.61
thyroid cancer
Smoking 107 36 0.31
current smokers

CKD, chronic kidney disease; PPI, proton pump inhibitor; T-Ab, anti-thyroid antibodies;
PTC, papillary thyroid carcinoma; Ctn, calcitonin.

Comorbidities
The Ctn of patients diagnosed with CKD ranged from 0.35 to

18.72 pg/mL. The presence of CKD was significantly associated with
Ctn (p < 0.001).

Medications

There were 11 on PPIL The Ctn value of this subgroup was not
significantly different from the other ones (p = 0.21).

Calcitonin values by gender

12.5 .

10.0

Ctn (pg/ml)

..

5.0

0.0

Female Male
Gender

FIGURE 1

Comparison of Ctn values recorded in women and men enrolled in
the present study. Legend: The box plots indicate the 50% value
distribution and IQR. The points indicate the outlier values. IQR,
interquartile range.
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Lifestyle

As detailed above, patients were defined as current smoker (n =
36), ex-smoker (n = 9), or non-smoker (n = 62). When considering
current smoking as a dichotomic parameter, there was no
association with Ctn. No significant association was also observed
when the three subgroups were compared to each other in multiple
combinations. The Ctn of current smokers (2.08 pg/mL, IQR 0.95-
3.12) was not significantly (p = 0.48) different from that of the
remaining patients (2.08 pg/mL, IQR 1.56-2.43). No data about
alcohol consumption were available in the database.

Comparison between women and men

As mentioned above, the Ctn of men was significantly higher
than that of women. In addition, men showed significantly higher
body weight, height, and BSA (p < 0.001) than women. The other
parameters were not significantly different between the two groups.
According to these results, the relationship between Ctn and BSA
was further explored. Figure 2 illustrates the correlation between the
two parameters according to gender.

Multivariate analysis

The backward and forward linear regression estimates provided
the same results. The model with the highest accuracy included
gender, CKD, and TSH. Women had significantly lower Ctn levels
compared to men (on average —2.55 pg/mL, p < 0.001). CKD was
associated with higher Ctn levels (on average +7.24 pg/mL
compared to patients without kidney failure, p < 0.001).
Regarding TSH, on average, an increase of 1 mIU/L in the TSH
level was associated with a reduction in the Ctn level of 0.15 pg/mL
(p-value <0.001). The adjusted R-squared shows that the three
predictors included account for approximately 40% of the variance
in the Ctn level.

Discussion

Due to the suboptimal accuracy of cytology and ultrasound (20—
22), the diagnosis of MTC remains challenging. Routine Ctn
measurement in patients diagnosed with nodular thyroid disease
is still controversial in the literature and has not been fully accepted
due to several reasons. Among them, individual determinants hold
a main role, and Ctn stimulation tests have been proposed to
overcome the limitations of basal Ctn. Nevertheless, although the
Ctn stimulation test was conceived to differentiate thyroid causes of
elevated Ctn from non-thyroid sources (23), it requires careful
procedure under medical control, and no high evidence of fixed cut-
off is available (2). Therefore, the potential impact of several
determinants on circulating basal Ctn may hold a crucial role.
However, whether a patient’s specific upper reference values have to
be used in clinical practice has been largely debated but remains an
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Calcitonin and BSA

Gender
Female
Male

125

8
S

ctn (pg/ml)

75

0.0

BSA

FIGURE 2

Correlation between Ctn and BSA according to gender. Legend:
Continuous line represents the linear regression, and the gray area is
its standard deviation (whole population). Pink and blue crosses
indicate median values in women and men, respectively. Ctn,
calcitonin; BSA, body surface area.

open matter. Table 3 illustrates the main features of the previously
published studies in this thyroid field. Some authors found that Ctn
value can be influenced by patient and/or thyroid features,
comorbidities/medications, and smoking, while these results were
not confirmed by others. Also, each study analyzed only a part of

10.3389/fonc.2024.1278816

potential interfering factors. In addition, highly important, these
studies presented a quite heterogeneous series of patients (i.e., with
a thyroid nodule, without nodule according to palpation; selected
for biopsy; defined as healthy during population screening
programs; with type 2 diabetes and high cardiovascular risk)
without full proof of the absence of MTC in almost all studies. In
some cases, the enrolled patients did not present thyroid nodules,
and from a clinical point of view, these are useless data because we
should test for Ctn in patients with thyroid nodules only. Thus, the
data of each study could not be interpreted beyond the simple
statistical figure. All in all, before the present one, there was no
study 1) evaluating all the potential influencing factors investigated
in the literature and 2) including only patients who have undergone
total thyroidectomy. The latter has to be taken into account when
looking at the data presented in the other studies because there were
some patients with mild-to-moderate Ctn increase without
histological exclusion of MTC. We should ask ourselves whether
we can consider those cases MTC-free, especially in view of the
recent high-evidence data reporting the suboptimal accuracy of
FNAC and ultrasound in detecting this cancer (20-22). Until
proven otherwise, those patients may be affected by small/occult
MTC or C-cell hyperplasia.

Here, we revised our institutional database with the aim of
fully evaluating Ctn value in a setting of patients with complete
absence of MTC or C-cell hyperplasia as demonstrated at
histology after total thyroidectomy. This means that we could
actually perform a full analysis of Ctn determinants in a
population expected to have normal values. As a result of
univariate analysis, Ctn was significantly higher in men than
women and significantly correlated with individual

TABLE 3 Characteristic and major results of articles evaluating Ctn determinants.

First
author,
year [ref]

Setting

Ctn assay

Determinants Results

analyzed

d’Herbomez, Subjects with no history 287 (142 men, Five different immunoassays: A) Age, gender, Age was correlated with
2007 (10) of thyroid disease, no 145 women) immunoradiometric assay-human BMI, smoking Ctn in four assays in
goiter at physical calcitonin (IRMAACT) (CisBio male smokers. BMI was
examination, no International); B) CT on Advantage correlated with Ctn with
medication known to (Nichols Institute, San Clemente, CA, four assays. For three
influence thyroid tests, USA); C) CT assays, positive smoking
with normal calcium on Immulite 2000 (DPC, La Garenne- status increased the
levels. Ctn was measured Colombes, France); D) Calcitonin-ELISA interpretation threshold
with five assays 7024 (Biomerica, Newport Beach, CA,
USA); E) CT-USA-IRMA, KIP0429
(Biosource, Nivelles, Belgium)
Giovanella, Thyroid-healthy 519 (246 men, Three different immunoassays: A) Age, gender, smoking, = Men have higher Ctn
2012 (12) volunteers enrolled in 273 women) immunoradiometric (IRMA) method and US-estimated than women. Thyroid

local thyroid screening
program. Ctn was
measured with three
different assays

ELSA® -hCT (CIS Bio, Gif sur Yvette,
France) [CIS]; B) chemiluminescent
immunometric assay Immulite® 2000
XPi (Siemens Diagnostics, Milan, Italy)
[Immulite]; C) immunometric assay
LIAISON® CT-II (DiaSorin, Saluggia,
Italy)

[LIAISON]

thyroid volume

volume is correlated
with Ctn (but not for all
Ctn assays)
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TABLE 3 Continued

First
author,
year [ref]

Setting

Ctn assay

Determinants
analyzed

10.3389/fonc.2024.1278816

Results

Grani, Patients underwent 1,073 (180 men, Immunochemiluminometric assay Age, T-Ab, FNAC No correlation between
2012 (13) FNAC and Ctn test 893 women) Ctn and the
included parameters
Rosario, Three groups: patients 1,137 (487 men, 650 Immunochemiluminescence assay PTC, Hashimoto/T- No correlations between
2013 (14) with thyroid nodules women) divided into (Immulite, Diagnostic Products Ab, smoking Ctn and the
evaluated before three Corporation, Los Angeles, CA) included parameters
thyroidectomy, patients unmatched groups
without nodules,
athyreotic PTC patients
with distant metastases
Guesgen, Patients with 493 (406 men, 87 Immunoradiometric assay (Calcitonin Gender, autoimmune Men had significantly
2013 (15) autoimmune thyroiditis women) divided into IRMA magnum, MEDIPAN) thyroiditis, nodular higher Ctn than women
or nodular goiter or five unmatched groups goiter, PPI
thyroid disease-free, using
or not PPI
Camacho, Normal individuals. 178 normal individuals =~ Immunofluorometric assay Gender, autoimmune Almost all cases with
2014 (16) Patients with (47 men, 131 women). thyroiditis, nodular nodular disease and
autoimmune thyroiditis, 205 with autoimmune thyroid disease, autoimmune thyroiditis
nodular thyroid disease, thyroiditis (44 men, differentiated thyroid had Ctn below normal
differentiated thyroid 161 women). cancer, chronic cut-off.
cancer (free of disease), or | 248 with nodular renal failure Patients with chronic
chronic renal failure thyroid disease (22 renal failure had Ctn
men, 226 women). 80 above the cut-off of
with differentiated normality for men
thyroid cancer (11 men (=4%) and for women
and 69 women). 58 (=6%). Patients with
with chronic renal differentiated thyroid
failure (25 men, cancer had normal Ctn.
33 women).
Daniels, People with type 2 9,340 (6,003 men, Chemiluminescent immunometric assay Gender, age, race, Ctn was higher in men
2015 (17) diabetes at 3,337 women) (Siemens Healthcare Diagnostics, thyroid disease, PPI, than women. Kidney
cardiovascular risk Malvern, PA, USA) thyroiditis, smoking, function, smoking, and
BMI, HbAlc, BMI were associated
triglycerides, HDL, with higher Ctn.
LDL, H2 receptor The data about smoking
antagonists, eGFR, seemed to be influenced
diabetes duration, by gender
B-blockers
Song, Adults with or without 10,566 (6,341 men, Immunoradiometric assay-human Age, gender, BMI, Men have higher Ctn
2021 (18) thyroid disease and have 4,225 women) calcitonin (IRMA-hCT; CisBio smoking, kidney than women. Smoking
undergone thyroid US International, Codolet, France) function, T-Ab increases Ctn in men
during clinical checkup but not in women
Cvek, Patients with 467 (34 men, Immunoradiometric assay (IRMA) Autoimmune No influence of
2021 (19) autoimmune thyroiditis 433 women) DIAsource ImmunoAssays (Louvain-la thyroiditis, age, BSA autoimmune thyroiditis

compared to thyroid-
healthy controls

Neuve, Belgium, catalog
number KIP0429)

on Ctn

BSA, body surface area; BMI, body mass index; eGFR, estimated glomerular filtration rate; FNAC, fine-needle aspiration; HbA1c, glycated hemoglobin; T-Ab, anti-thyroid antibodies; PPI, proton
pump inhibitor; PTC, papillary thyroid carcinoma; US, ultrasound.

anthropometric characteristics as well as thyroid size (and its
surrogates), while according to multivariate analysis, gender,
CKD, and TSH explained 40% of the Ctn variance. Moreover,
men had significantly higher weight and BSA, the latter finding
being the reason why anthropometric features did not influence
Ctn levels in multivariate analysis. The robustness of these figures
is given by the same result obtained with forward and backward
linear regression as well as the ability of the model to explain a
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merits a careful clinical discussion.

high percentage of Ctn value variance. The evidence achieved

The possibility of facing patients with Ctn skewed below the well-
recognized diagnostic threshold of 100 pg/mL has represented a further
brake on the implementation of routine Ctn in thyroid nodule patients.
In fact, regardless of the lack of clear international recommendations in
favor or against routine Ctn, how to manage patients with Ctn above
the upper reference and below 100 pg/mL has still to be clarified.
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The present data clearly show that, with the exclusion of CKD,
the only parameters to be considered to influence Ctn are gender
and anthropometric features.

Despite the findings observed in the previous studies that
included heterogeneous series of patients, the role of other factors
seems to be marginal or absent. In fact, since a strong correlation
between gender and anthropometric features was found in our
series, a selection bias could affect previous studies. Indeed,
heterogeneous and discordant results observed among studies
could be due to several factors: 1) male-to-female ratio; 2) age;
3) prevalence of goiter, autoimmune thyroiditis, or cancer; 4) body
and thyroid measurements; 5) Ctn assay performance; 6)
institutional management of thyroid nodule patients with or
without adoption of routine Ctn test, with or without FNAC,
and both indication for and interpretation of Ctn stimulation
tests; 7) indication for surgery; 8) comorbidities and medications;
9) lifestyle; and others. Nevertheless, the present study cannot
completely exclude an individual effect of T-Ab, smoking, other
thyroid cancers, or others that might be taken into account for
anecdotal cases. Regarding age, it is worth noting that no
significant difference was observed among different ages; thus,
the present data seem reliable independently of age. In contrast, it
is necessary to take into account the role of medications and PPI
first (24), which can influence Ctn levels. Regarding this specific
point, only a minority of cases of our population used PPI, and
this small frequency could not allow us to fully explore the PPI
impact on Ctn. Therefore, gender and anthropometric
characteristics (and thyroid size or its surrogate, such as Tg) can
be considered in clinical practice to justify mildly elevated Ctn
(i.e., >10 pg/mL). TSH is generally an expression of large goiter,
and this can explain its role in the above multi-parameter model.
Also, TSH and thyroid size depend on iodine intake. We have no
data about the iodine supplementation status of our population,
and we cannot exclude its role in TSH levels. However, since TSH
variation determined slight Ctn variation, its role in clinical
practice is marginal. In addition, the other parameters may be
considered in specific cases in whom skewed Ctn cannot be
explained according to gender and anthropometrics (e.g., men
with small thyroid size). In any case, according to high-evidence
data about ultrasound and FNAC (2, 20-22), careful management
of patients with indeterminate Ctn must be focused on to avoid
false negatives, and the next international guidelines are advised to
prepare specific recommendations (25). Finally, companies
producing Ctn assay are advised to develop clinically useful
thresholds to help the decision-making process. Until then, the
present results should be valid only when using the Ctn assays we
used in populations with similar features to the present one from
regions with comparable iodine supplementation status.

The strengths and limitations of the present study should be
addressed. The present data were retrospective and were extracted
from patients managed by several physicians over time. At our
institution, no guidelines about testing Ctn have been
implemented until 2022. A cost analysis was not feasible
because the series was not consecutive. Two Ctn assays were
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used during the study period. In addition, the herein-reported
population is smaller than that presented in other studies in this
field. This is due to highly selective criteria included in the study
design that were undertaken to achieve the most reliable series of
cases with full (i.e., histological) exclusion of MTC. Thus, the
sample size might not allow us to fully explore less prevalent
features (e.g., PPI). However, a major strength of this study is that
it is the first one including all the factors previously reported as
influencing Ctn in a series of patients with histological exclusion
of MTC after total thyroidectomy.

In conclusion, this study demonstrates that, after a full
analysis of a population histologically proven as MTC-free, the
Ctn value is influenced by gender, anthropometric/thyroid
features, and CKD. Thyroidologists and endocrinologists first
have to be aware of these figures to better manage their patients
during clinical practice. Thyroid nodule guidelines should
incorporate these concepts.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Tessin
Cantonal Ethics Committee. The studies were conducted in
accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

PT: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Supervision, Validation, Writing - original draft, Writing
- review & editing. GP: Data curation, Visualization, Writing — review
& editing. DC: Data curation, Visualization, Writing - review &
editing. EG: Investigation, Writing - review & editing. TP:
Visualization, Writing — review & editing. FF: Visualization, Writing
- review & editing. PM: Visualization, Writing — review & editing. AP:
Formal analysis, Methodology, Validation, Writing — review & editing.
LR: Data curation, Formal analysis, Investigation, Methodology,
Software, Validation, Writing - original draft, Writing - review
& editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1278816
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Trimboli et al.

Acknowledgments

The authors thank Prof. Emiliano Soldini (Scuola universitaria
professionale della Svizzera italiana (SUPSI)), who contributed to
the statistical analysis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The reviewer JB declared a past co-authorship with the author
PT to the handling editor.

References

1. Tuttle RM, Ball DW, Byrd D, Dilawari RA, Doherty GM, Duh QY, et al. Thyroid
carcinoma. J Natl Compr Canc Netw (2010) 8(11):1228-74. doi: 10.6004/
jncen.2010.0093

2. Trimboli P, Mian C, Piccardo A, Treglia G. Diagnostic tests for medullary thyroid
carcinoma: an umbrella review. Endocrine (2023) 81(2):183-193. doi: 10.1007/s12020-
023-03326-6

3. Elisei R, Romei C. Calcitonin estimation in patients with nodular goiter and its
significance for early detection of MTC: european comments to the guidelines of the
American Thyroid Association. Thyroid Res (2013) 6 Suppl 1(Suppl 1):S2. doi: 10.1186/
1756-6614-6-S1-S2

4. Kloos RT, Eng C, Evans DB, Francis GL, Gagel RF, Gharib H, et al. Medullary
thyroid cancer: management guidelines of the American Thyroid Association. Thyroid
(2009) 19(6):565-612. doi: 10.1089/thy.2008.0403

5. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel §J, Nikiforov YE,
et al. 2015 american thyroid association management guidelines for adult patients with
thyroid nodules and differentiated thyroid cancer: the American thyroid association
guidelines task force on thyroid nodules and differentiated thyroid cancer. Thyroid
(2016) 26(1):1-133. doi: 10.1089/thy.2015.0020

6. Trimboli P, Giovanella L, Crescenzi A, Romanelli F, Valabrega S, Spriano G, et al.
Medullary thyroid cancer diagnosis: an appraisal. Head Neck. (2014) 36(8):1216-23.
doi: 10.1002/hed.23449

7. Vardarli I, Weber M, Weidemann F, Fithrer D, Herrmann K, Gérges R. Diagnostic
accuracy of routine calcitonin measurement for the detection of medullary thyroid
carcinoma in the management of patients with nodular thyroid disease: a meta-
analysis. Endocr Connect. (2021) 10(3):358-70. doi: 10.1530/EC-21-0030

8. Schlumberger M, Bastholt L, Dralle H, Jarzab B, Pacini F, Smit JW, et al. 2012
European thyroid association guidelines for metastatic medullary thyroid cancer. Eur
Thyroid J (2012) 1(1):5-14. doi: 10.1159/000336977

9. Gharib H, Papini E, Paschke R, Duick DS, Valcavi R, Hegediis L, et al. American
Association of Clinical Endocrinologists, Associazione Medici Endocrinologi, and
European Thyroid Association medical guidelines for clinical practice for the
diagnosis and management of thyroid nodules: executive summary of
recommendations. ] Endocrinol Invest. (2010) 33(5 Suppl):51-6.

10. d’'Herbomez M, Caron P, Bauters C, Do Cao C, Schlienger JL, Sapin R, et al.
Reference range of serum calcitonin levels in humans: influence of calcitonin assays,
sex, age, and cigarette smoking. Eur ] Endocrinol (2007) 157(6):749-55. doi: 10.1530/
EJE-07-0566

11. Vantyghem MC, Danel T, Marcelli-Tourvieille S, Moriau J, Leclerc L, Cardot-
Bauters C, et al. Calcitonin levels do not decrease with weaning in chronic alcoholism.
Thyroid (2007) 17(3):213-7. doi: 10.1089/thy.2006.0216

12. Giovanella L, Imperiali M, Ferrari A, Palumbo A, Lippa L, Peretti A, et al.
Thyroid volume influences serum calcitonin levels in a thyroid-healthy population:
results of a 3-assay, 519 subjects study. Clin Chem Lab Med (2012) 50(5):895-900.
doi: 10.1515/cclm-2011-0920

13. Grani G, Nesca A, Del Sordo M, Calvanese A, Carbotta G, Bianchini M, et al.
Interpretation of serum calcitonin in patients with chronic autoimmune thyroiditis.
Endocr Relat Cancer. (2012) 19(3):345-9. doi: 10.1530/ERC-12-0013

Frontiers in Oncology

08

10.3389/fonc.2024.1278816

The author(s) declared that they were an editorial board
member of Frontiers at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

14. Rosario PW, Calsolari MR. Influence of chronic autoimmune thyroiditis and
papillary thyroid cancer on serum calcitonin levels. Thyroid (2013) 23(6):671-4.
doi: 10.1089/thy.2012.0564

15. Guesgen C, Willms A, Zwad A, Waldeck S, Wieler H, Schwab R. Investigation of
factors potentially influencing calcitonin levels in the screening and follow-up for
medullary thyroid carcinoma: a cautionary note. BMC Clin Pathol (2013) 13(1):27.
doi: 10.1186/1472-6890-13-27

16. Camacho CP, Lindsey SC, Kasamatsu TS, MaChado AL, Martins JR, Biscolla RP,
et al. Development and application of a novel sensitive immunometric assay for
calcitonin in a large cohort of patients with medullary and differentiated thyroid cancer,
thyroid nodules, and autoimmune thyroid diseases. Eur Thyroid ] (2014) 3(2):117-24.
doi: 10.1159/000363055

17. Daniels GH, Hegediis L, Marso SP, Nauck MA, Zinman B, Bergenstal RM, et al.
LEADER 2: baseline calcitonin in 9340 people with type 2 diabetes enrolled in the
Liraglutide Effect and Action in Diabetes: Evaluation of cardiovascular outcome Results
(LEADER) trial: preliminary observations. Diabetes Obes Metab (2015) 17(5):477-86.
doi: 10.1111/dom.12444

18. Song E, Jeon MJ, Yoo HJ, Bae SJ, Kim TY, Kim WB, et al. Gender-dependent
reference range of serum calcitonin levels in healthy korean adults. Endocrinol Metab
(Seoul) (2021) 36(2):365-73. doi: 10.3803/EnM.2020.939

19. Cvek M, Punda A, Brekalo M, Plosnic M, Baric A, Kalicanin D, et al. Presence or
severity of Hashimoto’s thyroiditis does not influence basal calcitonin levels:
observations from CROHT biobank. J Endocrinol Invest. (2022) 45(3):597-605.
doi: 10.1007/s40618-021-01685-3

20. Trimboli P, Treglia G, Guidobaldi L, Romanelli F, Nigri G, Valabrega S, et al.
Detection rate of FNA cytology in medullary thyroid carcinoma: a meta-analysis. Clin
Endocrinol (Oxf). (2015) 82(2):280-5. doi: 10.1111/cen.12563

21. Trimboli P, Giannelli J, Marques B, Piccardo A, Crescenzi A, Deandrea M. Head-
to-head comparison of FNA cytology vs. calcitonin measurement in FNA washout fluids
(FNA-CT) to diagnose medullary thyroid carcinoma. A systematic review and meta-
analysis. Endocrine (2022) 75(1):33-9. doi: 10.1007/s12020-021-02892-x

22. Ferrarazzo G, Camponovo C, Deandrea M, Piccardo A, Scappaticcio L, Trimboli
P. Suboptimal accuracy of ultrasound and ultrasound-based risk stratification systems
in detecting medullary thyroid carcinoma should not be overlooked. Findings from a
systematic review with meta-analysis. Clin Endocrinol (Oxf). (2022) 97(5):532-40.
doi: 10.1111/cen.14739

23. Baetu M, Olariu CA, Moldoveanu G, Corneci C, Badiu C. Calcitonin stimulation
tests: rationale, technical issues and side effects: A review. Horm Metab Res (2021) 53
(6):355-63. doi: 10.1055/a-1487-6449

24. Erdogan MF, Giilli S, Bagkal N, Uysal AR, Kamel N, Erdogan G. Omeprazole:
calcitonin stimulation test for the diagnosis follow-up and family screening in
medullary thyroid carcinoma. J Clin Endocrinol Metab (1997) 82(3):897-9.
doi: 10.1210/jcem.82.3.3797

25. Piticchio T, Frasca F, Trimboli P. Prevalence and significance of indeterminate
calcitonin values in patients with thyroid nodules: A systematic review and meta-
analysis. Rev Endocr Metab Disord (2023) 24(4):685-694. doi: 10.1007/s11154-023-
09811-7

frontiersin.org


https://doi.org/10.6004/jnccn.2010.0093
https://doi.org/10.6004/jnccn.2010.0093
https://doi.org/10.1007/s12020-023-03326-6
https://doi.org/10.1007/s12020-023-03326-6
https://doi.org/10.1186/1756-6614-6-S1-S2
https://doi.org/10.1186/1756-6614-6-S1-S2
https://doi.org/10.1089/thy.2008.0403
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1002/hed.23449
https://doi.org/10.1530/EC-21-0030
https://doi.org/10.1159/000336977
https://doi.org/10.1530/EJE-07-0566
https://doi.org/10.1530/EJE-07-0566
https://doi.org/10.1089/thy.2006.0216
https://doi.org/10.1515/cclm-2011-0920
https://doi.org/10.1530/ERC-12-0013
https://doi.org/10.1089/thy.2012.0564
https://doi.org/10.1186/1472-6890-13-27
https://doi.org/10.1159/000363055
https://doi.org/10.1111/dom.12444
https://doi.org/10.3803/EnM.2020.939
https://doi.org/10.1007/s40618-021-01685-3
https://doi.org/10.1111/cen.12563
https://doi.org/10.1007/s12020-021-02892-x
https://doi.org/10.1111/cen.14739
https://doi.org/10.1055/a-1487-6449
https://doi.org/10.1210/jcem.82.3.3797
https://doi.org/10.1007/s11154-023-09811-7
https://doi.org/10.1007/s11154-023-09811-7
https://doi.org/10.3389/fonc.2024.1278816
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Determinants of circulating calcitonin value: analysis of thyroid features, demographic data, anthropometric characteristics, comorbidities, medications, and smoking habits in a population with histological full exclusion of medullary thyroid carcinoma
	Introduction
	Methods
	Study design and data extraction
	Reference standard for excluding MTC
	Laboratory tests
	Ethics
	Statistical analysis

	Results
	Patient flow and main data
	Thyroid features (i.e., thyroid size, malignancy, hormones, and autoimmunity)
	Demographic data
	Anthropometric characteristics
	Comorbidities
	Medications
	Lifestyle
	Comparison between women and men
	Multivariate analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


