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Abstract

Objective: Calcitonin (Ct) represents the most important biochemical marker of
medullary thyroid cancer (MTC), but has certain limits. We analyzed the performance of
procalcitonin (ProCt) in follow-up MTC patients.

Methods: In this monocentric and retrospective study, we consecutively obtained ProCt
and Ct values from all MTC patients that we visited during the period from April 2021 to
May 2022. Patients were defined as having structural evidence of disease (29/90, 32.2%)
irrespective of Ct values or, in its absence, as not evident disease (NED) if Ct was <10
ng/L (47/90, 52.2%), or minimal residual disease if Ct was >10 ng/L (14/90, 15.6%).
Results: Ct and ProCt values were highly correlated (r = 0.883, P < 0.01). Median ProCt
values differed between NED, minimal residual disease, and structural disease, being
0.04 ng/mL, 0.26 ng/mL, and 1.98 ng/mL, respectively (P < 0.01). ProCt was undetectable
(<0.04 ng/mL) in 40/47 (85.1%) of NED patients, in 3/14 (21.4%) patients with minimal
residual disease and in none of the patients with a structural disease (P < 0.01). Among
the 11 patients with detectable but <10 ng/L Ct and undetectable ProCt values, none
had a structural disease. The most accurate cut-off of ProCt to distinguish between the
presence or absence of a structural disease was >0.12 ng/mL (P < 0.01, area under the
curve: 0.963), with the following sensitivity, specificity, positive predictive value, and
negative predictive value (NPV): 100%, 83.61%, 74.4%, and 100.0%.

Conclusions: ProCt and Ct have a high correlation in MTC follow-up. ProCt may be useful
as an adjunct to Ct, especially for its NPV concerning the structural disease.
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Introduction

Medullary thyroid cancer (MTC) originates from

with a total thyroidectomy and a central lymph node

parafollicular C-cells and represents 2% of all thyroid
malignancies and 0.4-1.4% of all thyroid nodules (1). MTC
is sporadic in 75-80% of cases or manifests as a hereditary
tumor in the remaining 25%, in the context of multiple
endocrine neoplasia 2 (MEN2) syndrome, due to a germline
REarranged during Transfection mutation. MTC is treated

dissection. More extensive surgery is necessary if there is
lateral lymph node compartment involvement (2). MTC
follow-up is then based on a periodical neck ultrasound
(US) and biochemical follow-up, based primarily on
calcitonin (Ct) and carcinoembryonic antigen (CEA)
measurement. Ct is secreted by parafollicular C cells and
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is the most sensitive marker for MTC. It is a polypeptide
hormone composed of 32 amino acids and synthesized
from a 116-amino-acid prohormone procalcitonin (ProCt)
(3). Ctis highly sensitive in the diagnosis and follow-up of
MTC, but its specificity is not high. Various physiological
and pathological conditions other than MTC can be
associated with secondary hypercalcitoninemia. Moreover,
Ct has many analytical problems: it is highly unstable with
a short (15-40 min) and concentration-dependent half-life
at room temperature, and thus, it is necessary to be kept
on ice after the withdrawal. Furthermore, Ct suffers from
many laboratory interferences (4, 5). Additionally, Ct
results are not comparable between different laboratories
and assays, owing to the great number of different
kits available in the market (5). From a post-analytical
standpoint, there is no consensus on the Ct cut-off that
should be adopted for the diagnosis and follow-up of MTC
(2). In particular, regarding MTC follow-up, many authors
suggest that a Ct level below the limit of detectability of
the laboratory assay is indicative of a cured MTC (6), while
others consider the patient cured when a Ct level is lower
than 10 ng/L (7, 8). On the other hand, also Ct-negative
MTCs have been described, anecdotally (9): since the
diagnosis, but particularly during the follow-up, MTC can
differentiate and lose the ability to produce and/or secrete
mature Ct. As such, many other MTC markers have been
proposed in the diagnosis and follow-up of MTC. CEA is
rarely useful in the diagnosis of MTC, due to being elevated
in many pathological and physiological conditions
(tobacco smoking, gastrointestinal tract inflammatory
disease, benign lung disease, and other tumors) and is
raised at diagnosis only in 60-70% of MTC patients (2, 10,
11, 12). However, CEA is considered particularly useful in
MTC follow-up in cases of MTC dedifferentiation: when
a rising CEA level is observed, accompanied by a stable or
decreasing Ct trend, it is well established that we are seeing
a disease progression of a differentiated tumor (2, 13). The
Ct precursor ProCt has been proposed as an alternative
tumor marker in the diagnosis and follow-up of MTC (4,
14). ProCt has many characteristics that overcome Ct
pitfalls, due to ProCt having a half-life of 20-24 h, not
dependent on its concentrations and stability at room
temperature (15). All the ProCt Kkits available on the
market produce comparable results, being the intellectual
property of ProCt assays held by a single company (16, 17).
A few reports suggest that ProCt would also be useful in
cases of spurious hypercalcitoninemia due to heterophilic
antibody interference (18, 19). Its levels are not influenced
by gender or by the physiological and pathological
or drugs that (20).

conditions increase Ct levels

Neuroendocrine tumors represent an exception, being able
to secrete both. Additionally, although rare, Ct-negative
and ProCt-positive histologically proven MTC cases are
possible, although very rare (21). A possible limit of ProCt
is that its production is not limited to C-cells, but it is also
produced by extra-thyroidal tissues not only in response
to bacterial sepsis but also by causes of severe systemic
inflammatory response syndrome, localized bacterial
infections, autoimmune disease, severe trauma, surgery,
heat stroke, and cardiogenic shock as well as fungal and
parasitic infections (20). However, in the absence of signs
of inflammation, ProCt is produced only by parafollicular
C-cells and neuroendocrine cells in the lungs and bowel,
as well as Ct (22). A good correlation has been found
between Ct and ProCt in the pre-surgical setting with an
association to MTC tumor burden (14, 23) and also with
prognosis (23). Also in the post-surgical setting, Ct and
ProCt were found correlated (15, 24), with elevated ProCt
levels among the vast majority of recurrent MTCs. A
recent metanalysis by Giovanella et al. documented good
ProCt performances in this setting, with a sensitivity and
specificity of 0.93 (95% CI: 0.85-0.97) and 0.91 (95% CI:
0.20-1.00), respectively. However, only few studies are
available in the literature on this issue, and the metanalysis
was indeed based on only four studies (4). Thus, the aim
of the present study is the analysis of the performance of
ProCt, in adjunct to Ct, in the follow-up of MTC patients,
in a quite large, consecutive and monocentric series.

Materials and methods

Patients

According to the aims of our study, we enrolled patients
already treated for an MTC. We retrospectively and
consecutively enrolled MTC patients who followed up at
our institution (Endocrinology Unit, University Hospital
of Padua) who had been examined during the period
from April 2021 to May 2022. All patients had undergone
a thyroidectomy with a central neck dissection and a
lateral neck dissection when appropriate, depending on
pre-operative and intra-operative findings. Patients were
assessed as not evident disease (NED) when the imaging
was negative, and serum Ct did not exceed basally the
upper limit of the assay (<10 ng/L). Patients with negative
imaging results but a serum Ct higher than 10 ng/L were
considered as having a minimal residual disease, in
the absence of any structural evidence. Patients with a
structural evidence of disease (persistence or recurrent
disease), regardless of their biochemical status, were
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defined on the basis of a positive imaging finding provided
by US and, when indicated, CT, MRI, and (18) F-FDOPA
(6-[18F]-L-fluoro-L-3,  4-dihydroxyphenylalanine)-based
PET-CT and/or a Ct measurement in the wash-out fluid
of suspected lesions when appropriate. Patients with
uncertain imaging results were not included in the series.
Patients with any sign of acute infection were excluded.
Both sporadic and hereditary MTC cases were included. We
enrolled 90 patients. For all patients included in the study,
we obtained a Ct and ProCt value at their last follow-up
examination and we evaluated their response to therapy
based on the aforementioned criteria. CEA levels were
available for 83/90 (92.2%) of patients. Disease progression
status was defined based on increasing tumor burden,
according to RECIST criteria, and/or on Ct doubling
times lower than 24 months. Patients were considered
with stable disease if Ct-doubling times were higher than
24 months, without increasing disease burden (2). The
study was performed in accordance with the guidelines of
the Helsinki Declaration; all patients gave their informed
consent to the test and the inclusion of results in the
present study. The study was approved by the Local Ethical
Committee (Padua General Hospital, code number: 296n/
AO/22).

Laboratory assays

Ct was measured using a two-site CLIA (Immulite2000;
Siemens Diagnostics) with an analytical sensitivity of
1 ng/L. ProCt was measured using a two-site, two-step
CLIA LIAISON BRAHMS PCT II GEN (DiaSorin, Saluggia,
Italy), with an analytical sensitivity of 0.04 ng/mL. CEA
was measured using a CLIA kit (Lumipulse® G CEA-N
Immunoreaction Cartridges, Japan), with an analytical
sensitivity of 0.096 ng/mL.

Statistical analyses

The Kolmogorov-Smirnov test was used to assess the
normal distribution of each variable. As the variables were
not distributed normally, data are reported as medians
and interquartile ranges (IQR). The Mann-Whitney test
for independent non-parametric data was used to analyze
median Ct, ProCt, and CEA levels between patients with a
locoregional vs metastatic structural disease and between
patients with either a stable or progressive disease. The
Kruskal-Wallis test for independent non-parametric data
was used to analyze the median ProCt and CEA levels in the
three groups of patients (NED, minimal residual disease,
and structural disease). Correlations between variables

were studied with the non-parametric test Spearman rank
correlation analysis. Categorical variables (detectable/
undetectable ProCt patients and CEA lower or higher than
the laboratory with respect to disease outcomes) were
compared with the »? test. In dichotomizing data related to
ProCt, we decided to consider the detectable/undetectable
value because ProCt is normally undetectable in healthy
subjects (20), while CEA levels may be increased by many
physiological situations (12), so we decided to dichotomize
its values according to the upper limit of the laboratory
range (<4.7 ng/mL). A P-value of <0.05 was considered
statistically significant. R package version 2.7-2 (https://
socialsciences.mcmaster.ca/jfox/Misc/Rcmdr/) was used
for statistical analysis.

Results

The final series included 90 MTC (50 females and 40
males), median age 47.11 years (range: 5.9-83.0 years)
patients. 51 had a sporadic MTC and 39 had a hereditary
MTC. The median follow-up (from MTC surgery to the
last follow-up examination) was 97.5 months, IQR:
30.5-194.5 months. The other clinical and pathological
characteristics of the enrolled series are summarized in
Table 1. At the end of the follow-up period, 47/90 (52.2%)
were NED, 14/90 (15.6%) had a minimal residual disease,
and 29/90 (32.2%) had a structural evidence of disease.
Owing to the design of the enrollment, no disease-related
deaths were documented. Thirteen patients started TKI
(tyrosine kinase inhibitors) treatment, among which
four (30.8%) had a progressive disease and nine (69.2%)
had a stable disease at the last follow-up.

A strong correlation was found between ProCt and Ct
values at the last post-surgical follow-up at Spearman rank
correlation analysis (r=0.883, P < 0.01, Fig. 1). Median
ProCt values were significantly different among the three
groups (NED, minimal residual disease and structural
disease), being 0.04 ng/mL (IQR: 0.04-0.04 ng/mL), 0.26
(IQR: 0.06-0.56), and 1.98 ng/mL (IQR: 0.49-11.78),
respectively (P < 0.01). ProCt was undetectable (<0.04 ng/
mlL) in 40/47 (85.1%) of NED patients, in 3/14 (21.4%) of
patients with a minimal residual disease and in none of the
patients with a structural disease (P < 0.01) (Table 2).

In patients with structural evidence of disease, median
ProCt values were higher in patients with a metastatic
disease than in patients with a locoregional persistence,
being 4.44 ng/mL (IQR: 1.04-30.31 ng/mL) and 0.54 ng/
mL (IQR: 0.40-2.06 ng/mL), respectively (P < 0.01). A trend
toward higher ProCt values was documented in patients
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Table 1 Clinical and pathological characteristics and pre-surgical CEA and Ct values of the enrolled series.

Group Overall Sporadic MTC Hereditary MTC
n (%)2 90 51 39
T (%) 1 48 (64.0) 29 (63.0) 19 (65.5)
2 11(14.7) 7(15.2) 4(13.8)
3 14 (18.7) 8(17.4) 6(20.7)
4 2(2.6) 2(4.4) 0(0)
NA 15 5 10
n (%) 0 43 (55.8) 26 (54.2) 17 (58.6)
1 29 (37.7) 19 (39.6) 10(34.5)
X 5(6.5) 3(6.2) 2(6.9)
NA 13 3 10
M (%) 0 57 (81.4) 33(78.6) 24 (85.7)
1 6(8.6) 5(11.9) 1(3.6)
X 7 (10.0) 4(9.5) 3(10.7)
NA 20 9 11
Stage (%) | 33(47.1) 19 (46.3) 14 (48.3)
I 8(11.4) 4(9.8) 4(13.8)
1 9(12.9) 6(14.6) 3(10.3)
[\ 20 (28.6) 12 (29.3) 8 (27.6)
NA 20 10 10
Cancer size (mm), median 10.00 (1.00-18.5); 12.00 (8.00-20.00); 6.5 (3-15);
value (IQR); mean (SD) 14.63 (1.77) 17.12(2.50) 10.69 (2.14)
Pre-surgical CEA level (ng/mL), 13.00 (4.70-50.9); 13.00 (6.87); 46.20 (3.95-115.75);
median value (IQR); mean (SD) 33.88 (7.65) 29.36 (6.87) 59.85 (34-21)
Pre-surgical Ct level (ng/L), 127.00 (44.10-761.25); 134.00 (58.98- 1096.25); 115.00 (33.38- 683.25);
median value (IQR); mean (SD) 1760.01 (620.85) 1667.44 (574.27) 1911.82 (1361.28)

aPercentages calculated based on available data.

CEA, carcinoembryonic antigen; Ct, calcitonin; IQR, interquartile range; MTC, medullary thyroid cancer; SD, standard deviation.

taking TKI with a progressive disease than a stable disease,
being 25.71 ng/mL (IQR: 14.10-47.61 ng/mL) and 3.59 ng/
mL (IQR: 0.59-21.28 ng/mL), respectively, but without
reaching the statistical significance, maybe owing to the
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Figure 1

Correlation between calcitonin (Ct) and procalcitonin (ProCt) (r = 0.883, P
<0.01) at the last post-surgical follow-up. Values are represented in their
logarithmic to base 10.

small number of patients (P=0.13, with four patients in
the former and nine patients in the latter group). None
among the patients in TKI treatment had undetectable
ProCt values (data not shown).

Median Ct values were different between NED patients
and patients with a minimal residual disease for definition,
in this study. Ct median values were higher in the
presence of a structural evidence of disease than in the
group with minimal residual disease, being 176.00 (IQR:
47.70-410.75 ng/L) and 17.45 ng/L (IQR: 11.90-57.40 ng/L),
respectively (P < 0.01). Ct was higher than 10 ng/L in
27/29 (93.1%) patients with a structural evidence of disease
(Table 2). Indeed, two patients with structural disease
persistence had Ct values <10 ng/L, being equal to 10 and
5.5 ng/L: both had a metastatic disease and were in therapy
with TKI.

The former (patient A, Fig. 2A) was a 56-year-old
female, thyroidectomized in 2010, for a sporadic MTC,
3.3 cm at its largest, NO. During the follow-up, the patient
underwent a surgical intervention to remove lateral neck
compartment lymph node recurrences, and then she
had external radiotherapy with a tumoral marker trend
characterized by a slightly increased Ct, but with a sharply
elevated CEA. In January 2019, TKI treatment was started
for the radiological progression of lung metastases, with
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Table 2 Median procalcitonin (ProCt), calcitonin (Ct), and carcinoembryonic antigen (CEA) levels according to disease response.

Factor NED (47/90) (52.2%)

disease (14/90) (15.6%)

Structural evident disease
(29/90) (32.2%) P

Minimal residual

ProCt (ng/mL) median 0.04 (0.04-0.04)

values (IQR)

Ct (ng/L) median 1.000 (1.0-2.4)
values (IQR)

CEA (ng/mL) median 2.00 (0.70-3.40)
values (IQR)

ProCt <0.04, n (%)
Ct <10 ng/L, n (%)

40/47 (85.1%)
47/47 (100%)
<1 ng/L: 31/47 (66.0%)
>1 ng/L and <10 ng/L: 16/47 (34.0%)

CEA < 4.7 ng/mL, n (%) 37/41 (90.2%)p

0.26 (0.06-0.56) 1.98 (0.49- 11.78) <0.01
17.45 1 (1.90-57.40) 176.00 (47.70-410.75) <0.01
2.40 (1.50-3.40) 14.35 (4.65-51.25) <0.012
3/14 (21.4%) 0/29 (0%) <0.01
0/14 (0%) 2/29 (10%) <0.01
<1 ng/L: 0/29 (0%)
>1 ng/L and <10 ng/L: 2/2 (100%)
12/14 (85.7%) 6/28 (21.4%)c <0.012

aBetween structural evident disease vs minimal residual disease and vs NED, there was no significant difference between NED and minimal residual

disease; © Six missing data; < One missing data.
IQR, interquartile range; NED, not evident disease.

subsequent stable disease, oscillating CEA levels and
measurable Ct values, yet lower than 10 ng/L. At the last
follow-up, both ProCt and CEA were elevated, being 0.6
and 15.3 ng/mL, respectively.

The latter (patient B, Fig. 2B) was a 49-year-old MEN2A
male, who underwent a thyroidectomy in 2013, with a pre-
surgical Ct level of 3225 ng/L and a CEA of 88 ng/mL, for
an IVC stage MTC. Six months after surgery, his Ct level
dropped to 634 ng/L, CEA to 24 ng/mL, without clear
US evidence of disease. The patient underwent a surgical
bilateral neck dissection in September 2015. Despite that,
shortly after the surgical intervention, Ct levels started to
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rise again. Starting from April 2016, available ProCt levels
were elevated, paralleling the Ct trend. In April 2018,
a TKI treatment was initiated after symptomatic bone
metastasis, with a drop in Ct and ProCt serum levels: the
former oscillating up and down around or under 10 ng/L,
and the latter always detectable, with a value of 0.22 ng/mL
at the last follow-up. Also, CEA was elevated, being equal
to 20 ng/mL. The patient had a stable disease at the latest
follow-up.

Moreover, among patients with a structural evidence
of disease, higher Ct values were found in presence of a
metastatic disease than in locoregional disease, being Ct
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Trends in calcitonin (Ct) and carcinoembryonic antigen (CEA) values in patient A (A) and trends in Ct, CEA, and procalcitonin (ProCt) in patient B (B). In the

latter case, values are represented in their logarithmic to base 10.
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median values of 379.00 ng/L (IQR: 103.50-1884.50 ng/L)
and of 97.95 ng/L (IQR: 28.6-176.00 ng/L), respectively
(P=0.03).

Eighteen patients had a measurable Ct value, but
lower than 10 ng/ml. Of these patients, 11/18 had an
undetectable ProCt value and 7/18 had a detectable (>0.04
ng/mL) one. Among the 11 patients with detectable but
low Ct values and undetectable ProCt values, none had
a structural disease. Of seven patients with low Ct but
detectable ProCt values, two had structural evidence
of disease and five were NED. At the receiver operating
characteristic (ROC) curve analysis, the most accurate
cut-off of ProCt in order to distinguish between the
presence and absence of a structural evident disease was
>0.12 ng/mL (P < 0.01, area under the curve: 0.963), with
the following sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV): 100%,
83.61%, 74.4%, and 100%.

A trend toward higher ProCt/Ct ratio was found
in patients with structural evidence of disease when
compared to patients with a minimal residual disease,
being 0.01178 (IQR: 0.008066-0.02191) and 0.007392 (IQR:
0.005063-0.01231), respectively, but without reaching the
statistical significance (P=0.09).

CEA and Ct levels were correlated at the Spearman
rank correlation analysis, although with less power than Ct
and ProCt (r=0.585, P < 0.01). CEA and ProCt values were
correlated (r=0.628, P < 0.01), too.

CEA median values were higher in cases with
structural disease than in those with minimal residual
disease and NED, being 14.35 ng/mL (IQR: 4.65-51.25 ng/
mL), 2.40 ng/mL (IQR: 1.50-3.40 ng/mL), and 2.00 ng/mL
(IQR: 0.70-3.40 ng/mL), respectively (P < 0.01), but levels
did not differ between minimal residual disease and NED,
contrary to ProCt and Ct. CEA did not exceed the normal
range (<4.7 ng/mL), in 37/41 (90.2%) of NED patients, in
12/14 (85.7%) patients with a minimal residual disease
and in 6/28 (21.4%) of patients with a structural disease
(Table 2). Among patients with structural disease,
CEA median levels were higher in metastatic than in
locoregional disease, being 43.05 (IQR: 20.00-139.60 ng/
mlL) and 5.20 ng/mL (IQR: 3.00-9.60 ng/mL), respectively
(P<0.01).

Overall, among patients in TKI treatment, Ct and
ProCt were still correlated, although weakly, at the limits
of the statistical significance: r=0.5619, P=0.046 (data not
shown). On the contrary, CEA and Ct and CEA and ProCt
lost their correlation.

Discussion

After surgery, in cases of undetectable or within the
normal range Ct/CEA values and negative US findings after
the first year, current guidelines (2) recommend that the
two tumor markers should be checked yearly, all lifelong.
Indeed, there is disagreement in the literature over the
more adequate cut-off of Ct which appropriately defines
a patient ‘cured’: should Ct be undetectable or within
the limits of the laboratory range? On the other hand,
in cases of elevated postoperative Ct values less than 150
pg/mL, patients should undergo physical examination,
measurement of Ct and CEA and a neck US every 6 months
(Recommendation 47, GRADE C, based on expert opinion)
(2). This last setting represents a real challenge in clinical
practice: the most part of MTC patients have negative
imaging for years, in spite of recurrent and useful clinical,
biochemical, and radiological assessments. Moreover, MTC
can also lose its ability to secrete Ct during the follow-up in
rare cases and clinical settings (21, 25). So, we decided to
evaluate the ProCt performance in the follow-up of MTC,
in a quite large and monocentric series, with the aim to
explore the possibility that such a marker could be of help
in identifying patients at risk of structural disease.

At first, our results show that cured MTC patients
have lower ProCt values when compared to non-cured
MTC, among which the highest ProCt values were found
in patients with metastatic disease, paralleling the results
obtained by other groups (15, 26). Furthermore, ProCt and
Ct are highly correlated, suggesting that the secretion of
Ct and ProCt is largely in parallel. As such, Ct is generally
adequate for the MTC patient’s follow-up. However, ProCt
may be useful in MTC follow-up in certain contexts, by
our findings. Indeed, at the ROC curve analysis, we found
a ProCt cut-off - >0.12 ng/mL - able to detect structural
disease with a high sensitivity, around 100%. This data
suggest that ProCt could be a good adjunct to Ct in MTC
follow-up: irrespective of Ct values, none of the patients
with ProCt values under this cut-off had a structural
disease. In other words, due to its good NPV, ProCt could
be useful to select patients with measurable Ct who do
not warrant the bi-annual follow-up recommended by
the current guidelines. Our present data are in line with
a previous report, based on a comparable although less
numerous series of MTC patients in follow-up, where a
highly accurate cut-off of ProCt for the identification of
the structural disease was identified by ROC curve
analysis (26).
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Nevertheless, by our data, ProCt was undetectable
in 3/14 patients in the minimal residual disease group,
raising some issues about the ProCt sensitivity; therefore,
the significance of ProCt in this context is to be clarified.
However, these ProCt outliers, given the absence of
any radiological evidence of disease, in presence of a Ct
value > 10 ng/L, could point to falsely increased levels
of Ct, paralleling the suggestions of other authors (17).
Considering ProCt specificity, not all NED patients had
an undetectable ProCt value (only 40/47 patients). In
this context, ProCt could help in identifying patients
that require closer attention, or, alternatively, although
patients with evidence of sepsis were not included,
ProCt elevation could be related to other non-identified
inflammatory causes. Indeed, in order to fully define the
accuracy and reliability of ProCt value in the follow-up
of MTC patients, we would need to know the future
history of NED patients with detectable ProCt values and
that of patients with minimal residual disease with an
undetectable ProCt. Certainly, our study has the significant
limit of being a retrospective study. Furthermore, our
series includes a relatively high prevalence of patients
with a structural evidence of disease: being a tertiary level
center, we often follow up more complex cases. Maybe
the prevalence of patients with a structural evidence
of disease does not reflect the real prevalence in the
population of follow-up MTC patients and this could
have affected PPV and NPV results. Finally, although the
numerosity is relatively consistent for a rare disease, the
total number of patients enrolled is not sufficient enough
to draw definitive conclusions: larger, multicentric, and
prospective studies are needed and made feasible due to
the high inter-assay comparability of ProCt (16, 17).

Interestingly, two patients with a structural
persistence had Ct values lower than 10 ng/L, but both
had ProCt and CEA values unequivocally high at the last
follow-up. These data are to be taken with caution because
both these patients were in TKI treatment. It is well
known that during TKI treatment, transient variations in
Ct and CEA levels are often documented and such short-
term fluctuations may not reflect the responsiveness to
therapy (27). Still, analyzing the fluctuations of Ct in
these two patients, we can notice that one of the patients
showed a lowering of Ct values a long time before TKI
initiation, although keeping an unequivocally high
CEA and with a high ProCt value at the last follow-up.
This behavior can have various explanations. Indeed,
MTC that preferentially secrete ProCt instead of Ct due
to a defective prohormone processing are possible, with
anecdotal cases being described in literature, at diagnosis

and in recurrent and metastatic MTCs (21, 25). Moreover,
in vitro studies have demonstrated that RNA processing of
Ct and ProCt vary during the different stages of growth,
with a low Ct expression (and thus a higher proportion of
precursors), especially during rapid growth (28, 29, 30).
This could increase the ProCt/Ct ratio, data encountered
in many studies, in which higher ProCt/Ct value had a
prognostic significance, being able to predict a shorter
progression-free survival (28). In our series, there was a
trend toward a higher ProCt/Ct ratio in the presence of
a structural disease than in a minimal residual disease,
but without reaching the statistical significance in both
cases, maybe owing to numerosity issues.

Further studies are necessary to evaluate the reliability
of the ProCt trend in patients treated with TKI.

Moreover, it should be noted that ProCt performs
better than CEA, always being detectable in patients with
a structural evidence of disease, while CEA is within the
normal range missed in 21.4% of cases, at least according
to CEA laboratory range limits.

In conclusion, the results obtained by our study
reinforce ProCt as an adjunct in MTC follow-up, mainly
because it is highly sensitive to the presence of a structural
persistent disease: no patients with a structural disease
had a negative ProCt value, as opposed to CEA and Ct.
Moreover, the identified cut-off of ProCt (>0.12 ng/mL) had
a 100% sensitivity for the presence of a structural disease.
Given its high NPV, ProCt could be of help in the follow-up
of MTC patients with detectable Ct, but <150 ng/L and
absence of any radiological evidence of disease, to select
patients candidate to a less strict follow-up.

However, its significance in minimal residual disease
cases and in NED cases needs further research, possibly
coming from large series, comparing Ct and ProCt
performances in MTC follow-up.
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