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a B S T  r a c T
BacKgroUNd: a basal serum calcitonin (ct) increase >100 pg/ml in patients with a thyroid nodule is consistent with 
the diagnosis of medullary thyroid cancer (MTc). in cases where the cT test have a slight to moderate increase, the calci-
um gluconate stimulation test is helpful to increase diagnostic accuracy. However, reliable cut-offs for calcium-stimulated 
Ct are still lacking. The aim of this study was to evaluate the sex-specific calcium-stimulated Ct cutoffs for the diagnosis 
of MTc in a multicenter series. a comparison between different ct assays has been also performed.
MeTHodS: 90 subjects undergone calcium-stimulated ct for a suspected MTc in 5 endocrine Units between 2010-2021 
were retrospectively analyzed. Serum ct concentrations were assessed by immunoradiometric (irMa) or chemilumines-
cence (clia) assays.
reSUlTS: MTc was diagnosed in 37 (41.1%) and excluded in 53 (58.9%) patients. The best calcium-stimulated ct cut-
off to identify MTc was 611 pg/ml in males (aUc =0.90, 95% ci (0.76;1) and 445 pg/ml in females (aUc=0.79, 95% 
ci (0.66;0.91). logistic regression analysis showed that both basal (or 1.01, P=0.003) and peak ct after stimulation (or 
1.07, P=0.007) were significantly associated with MTC, together with sex (OR=0.06, P<0.001). The “Ct assay” variable 
was also considered in the logistic regression model, but it was not significantly associated with MTC (OR=0.93, P=0.919). 
coNclUSioNS: This study indicates that calcium test could be helpful to identify patients with early-stage MTc and 
those without MTc. a ct value of 611 pg/ml in males and 445 pg/ml in females are proposed as the optimal ct cut-offs 
at the stimulation test.
(Cite this article as: Faggiano A, giannetta E, Modica R, albertelli M, Barba L, dolce P, et al. calcium-stimulated calcitonin 
test for the diagnosis of medullary thyroid cancer: results of a multicenter study and comparison between different assays. 
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versal, and reliable cut-offs for either basal or 
calcium-stimulated ct are still lacking.

The aim of this study was to evaluate the sex-
specific stimulated-Ct cutoff to achieve the di-
agnosis of MTc in a large multicenter series. a 
comparison between different ct assays has been 
also performed.

Materials and methods

Patients

all patients, aged 18-80 years, undergone be-
tween 2010-2021 a calcium-stimulated test for 
Ct for a suspected MTC, based on ≥1 cm ultra-
sonographically-evident solid thyroid nodule as-
sociated to serum ct levels more than the upper 
limits of the normality range and less than 100 
pg/ml. confounding factors for hypercalcitonin-
emia were checked, as previously reported [3]. in 
case of therapy with proton pump inhibitors these 
drugs were withdrawn for at least four weeks be-
fore ct assessment. all other confounding fac-
tors have been excluded in this population.

Exclusion criteria were subjects <18 and >80 
years of age, diagnosis of MeN2 syndrome. an 
excel database was built collecting data from 5 
different endocrine Units (Sant’andrea Uni-
versity Hospital of rome, Umberto i University 
Hospital of rome, Federico ii University Hospi-
tal of Naples, cardarelli Hospital of Naples, San 
Martino University Hospital of genoa). These 
centers share many research protocols on endo-
crine tumors as well as the same calcium test pro-
cedure and the same criteria for selecting the sub-
jects to be testing. all patients provided written 
informed consent to data collection. The study 
was approved by the local review board at the 
Sant’andrea University Hospital of rome (ref-
erence number ce6988/2022) and conducted in 
accordance with the declaration of Helsinki.

Data collection

For all subjects, the following parameters were 
collected: age at diagnosis, sex, year of diagno-
sis, Body Mass index (BMi), basal and calcium-
stimulated serum ct concentrations, serum ct as-
say. For those who underwent surgery, histology 
was also recorded.

Medullary thyroid carcinoma (MTc) is a 
neuroendocrine tumor originating from the 

parafollicular c cells of the thyroid.1. Up to 35% 
of the patients with MTc with a palpable thyroid 
nodule have cervical lymph node metastases and 
up to 13% have distant metastases.2 Thus, an ear-
ly detection is mandatory to improve the surgical 
cure rate. High levels of serum calcitonin (ct) 
are strongly suggestive for MTc, although false 
positive ct increase is a frequent condition.3. in 
fact, several diseases including kidney failure, 
hyperparathyroidism, extra-thyroid neuroendo-
crine neoplasms and non-neuroendocrine tumors 
as well as some drugs can cause an increase in 
serum ct levels.3

routine measurement of serum ct in the di-
agnostic work-up of solid thyroid nodules could 
precociously identify MTc at an early stage, 
with a relevant impact on patient’s outcome.4 
However, current american Thyroid associa-
tion (aTa)5 and american association of clini-
cal endocrinologists (aace)/american college 
of endocrinology (ace)/associazione Medici 
endocrinologi (aMe) guidelines do not recom-
mend either for or against routine measurement 
of serum ct in patients with thyroid nodules.6 on 
the other hand, a joint consensus of six italian 
scientific societies recommends measurement of 
serum ct only before surgery.7

Basal ct assessment is consistent with MTc 
diagnosis when this parameter is >100 pg/ml.8 
a mild-moderate basal ct increase (from the up-
per limit of normal range to 100 pg/ml) has to 
be interpreted cautiously. The calcium gluconate 
stimulation test represents a confirmatory assay 
performed after the finding of a <100 pg/mL se-
rum ct increase at baseline, to increase the sensi-
tivity of ct testing and to avoid unnecessary thy-
roidectomies.6, 8 The test could be useful for the 
differential diagnosis between MTc and other 
nonthyroidal neuroendocrine neoplasms,8 and to 
discriminate between MTc and c-cell hyperpla-
sia (ccH), a precancerous lesion potentially pro-
gressing to MTc. However, at now a relationship 
between ccH and cancer progression has been 
demonstrated only for hereditary MTc.9, 10

Several studies investigated patients with high 
serum Ct concentrations to find sex-specific Ct 
thresholds predictive of MTc.9-13 However, uni-
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summarized using mean (±standard deviation) 
and/or median (interquartile range) and Student’s 
t-test or Mann-Whitney Test, as appropriate, was 
used to evaluate any statistically significant dif-
ferences between the MTc patient group and the 
group of subjects free from thyroid tumor (NT). 
Qualitative variables were synthesized as abso-
lute and percentage frequencies, and the com-
parison between the two groups was made using 
the χ2 test.

roc curve analysis, and the corresponding 
aUc, was used to evaluate the accuracy of calci-
um-stimulated ct levels to discriminate between 
patients with MTc and NT, dividing by gender. 
The optimal cut-off was identified using the 
youden index and the corresponding measures 
of sensitivity, specificity, positive predictive val-
ue and negative predictive value were provided. 
The same analysis was performed considering 
baseline ct levels.

Multiple logistic regression analysis was per-
formed to evaluate the association between MTc 
and the various predictive factors (calcium-stim-
ulated ct levels, baseline ct levels and ct assay), 
adjusting also for gender.

Patients were then divided into the three 
groups: MTc, NT and c-cell hyperplasia (ccH) 
and the roc surface analysis,14 an extension 
of the ROC curves for classification problems 
with three classes, was performed to assess the 
accuracy of the calcium-stimulated ct level in 
discriminating between the 3 groups of patients. 
The volume under the surface roc (VUS) was 
calculated and then the optimal cut-offs were 
identified. All statistical analyses were performed 
using the R statistical software. The significance 
level for all statistical tests was set at 5%.

Data availability

The data associated with the paper are not pub-
licly available but are available from the corre-
sponding author on reasonable request.

Results

Patients’ characteristics

a total amount di 105 patients were collected in 
the five centers participating in the study. Eleven 

Methods

Serum ct concentrations were assessed by a 
commercially available ct assay: 1) immunora-
diometric assay (irMa); or 2) chemilumines-
cence assay (clia):

• two high affinity monoclonal antibodies 
in an irMa system (institute of isotopes, Bu-
dapest, ref: rK-83cT). analytic sensitivity 
was 0.5 pg/ml. Normal values were 0.4-13 pg/
ml (male subjects) and 0.0-5.8 pg/ml (female 
subjects). The intrassay coefficients of variation 
were 3.2% and 1.6%, respectively, at 25.3 pg/ml 
and 161.2 pg/mL. The interassay coefficients of 
variation were 5.1% and 6.2%, respectively, at 
24.9 pg/ml and 170.6 pg/ml. The KiT has no 
“high-dose hook” effect with ct levels up to 300 
pg/ml;

• two-site sandwich-type clia (diaSorin 
inc., Stillwater, MN, USa). Normal values were 
0.4-18.9 pg/ml (male subjects) and 0.0-5.5 pg/
ml (female subjects). analytic sensitivity was 1 
pg/ml or less. The intrassay and interassay co-
efficients of variation were 3% and 4%, respec-
tively, at 70.4 pg/ml and 1 and 2%, respectively, 
at 179 pg/ml. The ct assay run time was 15 min. 
No hook effect was observed until a ct concen-
tration of 500,000 pg/ml.

calcium gluconate was administrated intrave-
nously at 5 ml/min, after a 4-hour fast at a dose 
of 25 mg or 2.3 mg of elemental calcium/kg of 
adequate body weight (www.manuelsweb.com/
iBW.htm for ideal body weight and adjusted 
body weight calculator). ct was assessed before 
and 2, 5, and 10 minutes after calcium gluconate 
injection, as previously described.6 Serum cal-
cium levels were assessed before the test in order 
to exclude pre-existing hypercalcemia. electro-
cardiography was performed before the calcium 
test as well and cardiopathic patients underwent 
further cardiologic examination. No major ad-
verse effects were observed during calcium glu-
conate infusion test in the patients involved in 
the study.

Statistical analysis

This study used a convenience sample with no 
priori power analysis due to its retrospective 
exploratory nature. Quantitative variables were 
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in females (aUc=0.79, 95% ci [0.66;0.91] sen-
sitivity=0.54, specificity=1, PPV=1, NPV=0.63 
(Figure 1).

regarding basal ct, the optimal cut-off dis-
criminating NT and MTc was 39 pg/ml in males 
(aUc = 0.76, 95% ci [0.56;0.96], sensitivi-
ty=0.67, specificity=0.97, PPV=0.86, NPV=0.91) 
and 19.2 pg/ml in females (aUc=0.80, 95% ci 
[0.68;0.92] sensitivity=0.75, specificity=0.82, 
PPV=0.84, NPV=0.72).

logistic regression analysis showed that both 
basal (or 1.01, P=0.003) and peak ct after stim-
ulation (OR 1.07, P=0.007) were significantly as-
sociated with MTc, together with sex (or=0.06, 
P<0.001, female as reference category). The “Ct 
assay” variable was also considered in the logis-
tic regression model, but it was not significantly 
associated with MTc (or=0.93, P=0.919).

if ccH was considered separately from NT, 
the study population included 19 NT, 12 ccH 
and 9 MTc in males and 10 NT, 12 ccH and 
28 MTc in females. in males, the calcium-stim-
ulated ct optimal cut-off between NT and ccH 
identified by ROC surface analysis was 328.3 pg/
ml, while between ccH and MTc was 615 pg/

patients were excluded because affected with 
MeN2 syndrome, 4 patients were excluded be-
cause of incomplete data. The final study popula-
tion serving for the statistical analysis included 
90 subjects. ct assay resulted to be irMa in 60 
subjects and CLIA in 30. There was no signifi-
cant difference in terms of rate of MTc as well as 
serum ct levels at baseline and calcium test peak 
between the two assays (Table i).

Diagnostic performance of basal and calcium-
stimulated Ct peak

The study population included 40 males and 50 
females. The histological examination showed 
a MTc in 37/90 (41.1%), with 9 MTc in males 
(22.5%) and 28 in females (56%). Basal and 
calcium-stimulated Ct peak were significantly 
different between NT (including ccH) and 
MTC both in males and females (P<0.001) (Ta-
ble ii, iii).

Using the roc curve, the optimal calcium-
stimulated ct cut-off optimally discriminat-
ing NT and MTc was 611 pg/ml in males 
(aUc=0.90, 95% ci [0.76;1], sensitivity=0.67, 
Specificity=1, Ppv=1, NPV=0.91) and 445 pg/mL 

TAbLE I.—� Comparison between Ct assays.
clia
N.=30

irMa
N.=60 P value

MTc, N. (%) 15 (50%) 22 (36.7%) 0.325
Basal serum ct pg/ml (mean±Sd) 29.3±22.1 22.5±23 0.202
Stimulated serum ct peak pg/ml (mean±Sd) 401±487 429±372 0.761
MTc: medullary thyroid cancer.

TAbLE II.—� Calcium at baseline in no-tumor and MTC subjects.

N.
NT MTc

P value
Mean (±Sd) Me (iQr) N. Mean (±Sd) Me (iQr)

Males 31 16.2 (±11) 13 (7.8;22.2) 9 43.6 (±30.8) 40.8 (11.5;66.2) <0.001
Females 22 13.2 (±7.2) 11 (8;15.2) 28 36 (±26.5) 30.4 (17;46.6) <0.001
NT: no-tumor, MTc: medullary thyroid cancer.

TAbLE III.—� Calcium stimulated serum Ct peak in no-tumor and MTC subjects.

N.
NT MTc

P value
Mean (±Sd) Me (iQr) N. Mean (±Sd) Me (iQr)

Males 31 291.3 (±154.8) 240 (162.6;410) 9 668 (±275.7) 645.9 (417;851.9) <0.001
Females 22 204 (±142.2) 169.7 (81.4;330.3) 28 660.3 (±603.6) 472.5 (191.8;748.7) <0.001
ct peak more than 2000 pg/ml are levelled at this cut-off.
NT: no-tumor; MTc: medullary thyroid cancer.
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Figure 1.—calcium stimulated se-
rum ct peak in no-tumor and MTc 
subjects according to sex.

Figure 2.—calcium stimulated se-
rum ct peak in no-tumor, c-cell 
hyperplasia and MTc subjects, in 
males (top graphs) and females (bot-
tom graphs).
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are still more relevant because based on a multi-
center database. Finally, the comparison between 
two different Ct assays did not show significant 
differences. ct assay was not a confounding fac-
tor in the relationship between MTc and ct peak 
because it did not improve the prediction of MTc 
compared to the model without the “ct assay” 
variable. in other words, if to experience a highly 
performing ct assay method is a priority for each 
center dedicated to MTc, on the other hand the 
calcium-stimulated ct seems to be equally effec-
tive regardless the assay employed.

almost all patients were well characterized 
so providing an adequate study population for 
the purpose of the study. To further increase the 
homogeneity and avoid confounding factors, 
all RET positive subjects were excluded. MTcs 
are genetically inherited in about 30% of cases. 
These MeN2-related MTcs develop early from 
ccH to overt tumor and their detection is guided 
by the RET gene mutational analysis, regardless 
from ct assessment.18, 19 a ct increase in this set-
ting is a time point to perform surgery, regardless 
from the finding of CCH rather of MTC at histol-
ogy, as these genetically-determined tumors are 
expected to progress in all cases. For this reason, 
calcium-stimulated ct cut-offs in MeN2-MTc 
should be evaluated separately for this specific 
population.

Finally, the homogeneity of this study was 
ensured even in terms of calcium test procedure 
which was the same in all centers.

compared to other studies, the present one 
included only subjects with baseline ct concen-
trations above the upper limit of the normality 
range. other authors also included subjects with 
normal baseline ct values, likely to increase the 
statistical power of the study. However, it has to 
be remarked that, in clinical practice, ct stimu-
lation needs to be performed only in subjects 
with elevated baseline ct values. accordingly, 
this study population carefully reproduces real 
world. This aspect represents a strength of this 
study.

The possibility to achieve a surgical cure is 
related to tumor stage at diagnosis. Both in spo-
radic and genetic tumors, an early diagnosis is 
consistent with an increased rate of surgical cure 
and a decreased rate of tumor relapsing. For this 

ml (VUS= 0.66). in females, the calcium-stim-
ulated ct cut-off between NT and ccH was 242 
pg/ml, while between ccH and MTc was 446 
pg/ml (VUS=0.46) (Figure 2).

regarding basal ct, the optimal cut-off was 
only evaluable in males, being 10.1 pg/ml be-
tween NT and ccH and 39 pg/ml between ccH 
and MTc (VUS 0.44), because in females the 
order of the three groups (i.e. Ct in MTC≥Ct in 
CCH≥Ct in NT) was not respected.

Discussion

Stimulated ct shows an elevated diagnostic per-
formance, which represents a helpful tool in the 
borderline cases of thyroid nodule with serum ct 
levels between the upper limit of the normal range 
and 100 pg/ml. Procalcitonin has been proposed 
as another marker of MTc, particularly in cases 
where calcitonin levels are not significantly el-
evated. albeit procalcitonin can be elevated in 
MTC, it does not represent a specific marker of 
MTc since its elevation can be observed in oth-
er types of cancer and inflammatory conditions 
too.15 The pentagastrin test has been well estab-
lished as reference test in this attempt with well-
defined cut-off to recognize MTC subjects.16, 17 
Unfortunately, this test has been no longer per-
formed due to unavailability of pentagastrin. For 
this reason, in recent years the calcium test has 
become the main procedure for cases with sus-
pected MTc but basal ct less than 100 pg/ml. 
as previously discussed, different cut-offs have 
been proposed by different studies, resulting in a 
fixed point represented by the statement of higher 
value in males than females but high variability 
between one to another.9-13 The present series on 
90 patients undergone the calcium test identified 
a cut-off of 611 pg/ml in males and 445 pg/ml 
in females, with a specificity of 100% in both, 
which is guarantee of no false positive diagnoses 
and inappropriate thyroid surgery. considering 
the significant sensitivity and the specificity of 
100%, the calcium-stimulated ct test represents 
the best method to precociously identify non-
clinically evident MTc in the most of cases, 
with a consequent positive impact on prognosis, 
at the same time avoiding further investigations 
and treatment in normal subjects. These results 
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in patients with ccH, outside the condition of 
MeN2 syndrome. on the contrary, in patients 
with preoperative diagnosis of MTc, total thy-
roidectomy should be combined with prophy-
lactic dissection of central compartment lymph 
nodes, in all cases of no evidence of neck lymph 
node metastases and no evidence of distant me-
tastases.8

as highlighted in the current study, the preva-
lence of ccH is quite relevant, being 26.7% of 
all subjects with ct levels above the normal and 
45.3% of non-MTc cases. Furthermore, both 
basal and calcium-stimulated ct levels were 
higher in ccH than in NT group, so making 
ccH an issue to be faced in clinical practice.

in this meaning, a cut-off of 615 pg/ml in 
males and 446 pg/ml in females is reliable to 
achieve the diagnosis of MTc and exclude ccH. 
on the other hand, if both basal and peak ct after 
stimulation significantly distinguished between 
MTc and normal subjects, however basal ct 
values were less reliable to distinguish ccH and 
MTc.

Conclusions

The present study supports the role of calcium 
test in the diagnostic work-up of MTc, improv-
ing the capacity of ct to achieve the diagnosis 
of MTc and avoiding an unhelpful thyroid sur-
gery both in normal and ccH subjects. Future 
prospective studies on larger series are needed 
to define the reference limits of the calcium glu-
conate test and improve the diagnostic work-up 
of MTc.
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