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Objective. To evaluate a second-generation assay for basal serum calcitonin measurements
compared to the pentagastrin-stimulation test for the diagnosis of inherited medullary thyroid
carcinoma (MTC) and the follow-up of MTC patients after surgery. Recent American Thyroid
Association recommendations suggest the use of basal calcitonin (CT) alone to diagnose and assess
follow-up of MTC as the pentagastrin (Pg) test is unavailable in many countries.
Design. Multicentric prospective study
Patients. A total of 162 patients with basal CT <10 ng/L were included: 54 asymptomatic patients
harboured non-cysteine ‘rearranged during transfection’ (RET) proto-oncogene mutations and 108
patients had entered follow-up of MTC after surgery.
Measurement. All patients underwent basal and Pg-stimulated calcitonin measurements using a
second-generation assay with 5-ng/L functional sensitivity.
Results. 95% of patients with basal CT ≥5 ng/L and 25% of patients with basal CT <5 ng/L had a
positive Pg-stimulation test (Pg CT >10 ng/L). Compared to the reference Pg test, basal CT ≥5 ng/L
had 99% specificity, a 95%-positive predictive value but only 35% sensitivity (p <0.0001). Overall,
there were 31% less false negative results using a 5-ng/L threshold for basal CT instead of the
previously used 10-ng/L threshold.
Conclusion. The ultrasensitive calcitonin assay reduces the false negative rate of basal calcitonin
measurements when diagnosing familial MTC and in postoperative follow-up compared to previously
used assays. However, its sensitivity to detect C-cell disease remains lower than that of the Pgstimulation test.
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Calcitonin (CT) is a sensitive and specific marker for the pre-operative diagnosis of C-cell disease and
to monitor medullary thyroid carcinoma (MTC) patients after surgery 1, 2. In the pre-operative state,
the positive predictive value (PPV) of basal CT to diagnose MTC is nearly 100% when CT is >100 ng/L,
but is only 8.3% for a CT level between 20 and 50 ng/L3. CT stimulation with pentagastrin (Pg) has
been shown to be more sensitive than basal CT to differentiate between microscopic MTC and nonspecific elevated CT in patients with moderately elevated CT levels 4-6. It has also been used to
improve sensitivity of basal CT screening in genetically predisposed patients and for the
postoperative follow-up of MTC patients.
In genetically predisposed patients with intermediate or low-risk ‘rearranged during transfection’
(RET) proto-oncogene mutations, for whom prophylactic surgery is postponed until after early
infancy 7, 8, C-cell disease may be already present even though basal CT is within the normal range
(<10 ng/L). The chosen threshold used to assess a positive Pg response for this indication is usually 10
ng/L for the lowest false-negative rate possible 7, 8. However, recent retrospective studies suggest
that the timing of thyroidectomy can be probably safely planned based on basal CT levels 9, 10.
In the postoperative follow-up of patients with MTC, basal CT measurements allow detection of
residual disease whereas the Pg-stimulation test is more sensitive at diagnosing residual disease or
its recurrence in patients with low serum CT values 2, 5, 8, 11, 12. Patients who have non-detectable and
non-stimulable postoperative CT levels at two consecutive follow-up visits are considered diseasefree. They still require yearly follow-up assessments as there can be a ≤5% late recurrence of disease
13, 14

. However, the consequences of a positive stimulation test on clinical management and long-

term outcomes have not been demonstrated 3.
As Pg is not available in the United States and many other countries 15 and because unpleasant
adverse effects of Pg are very frequent and restrain its use, an alternative test using calcium
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stimulation (Ca gluconate injection) has been proposed and shows better clinical tolerance16. Results
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of both stimulation tests have been reported to be well correlated 17.
The functional sensitivity of the previously used CT assay was 10 ng/L 7, 8, 18. However, secondgeneration CT assays with a functional sensitivity of <5 ng/L are now available and are widely used.
Because the newer calcitonin assays have significantly improved functional sensitivity, the recent
American Thyroid Association (ATA) guidelines stated that “most experts believe that there is rarely a
need for stimulated CT testing in the diagnosis or follow-up of MTC” 19.
In this context, this study evaluated the performances of second-generation baseline CT
measurements compared to Pg-stimulated CT to diagnose pre-operative inherited intermediate or
low risk C-cell disease and to assess the postoperative follow-up of patients with sporadic or familial
MTC. Comparisons with histopathology (when available) were also conducted.

Subjects and methods
Subjects
This prospective, multicentre study included 162 patients. Patients were recruited from seven
university hospital centres in France (Angers, Lyon, Marseille, Nantes, Paris la Pitié Salpétrière, Paris
Bobigny, Grenoble) and were divided into two groups. Inclusion criteria for group 1 were
intermediate or low risk RET mutation (level A or B), no history of thyroidectomy and a baseline CT
level of ≤10 ng/L. For group 2 they were surgery for MTC (sporadic or inherited, whatever the risk
level), carcinoembryonic antigen (CAE) level of ≤10 ng/L and baseline CT level of ≤10 ng/L. Group 1
contained 54 asymptomatic patients harbouring RET mutations at exons 13, 14 and 15 (codons 768,
n=3; 790, n=24; 891, n=10; 804. n=14) or double mutations of exon 14 (804–844; n=3). The results
from five patients have been reported in a recent publication 10.

© 2012 Blackwell Publishing Ltd

Group 2 included 108 patients with a history of sporadic or familial MTC, who had undergone surgery
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and showed no clinical signs of metastasis or recurrence of MTC. Mean age and gender ratio for
groups 1 and 2 are listed in Table 1. Among group 1 patients, 40 had undergone surgery by the time
results were collected. The decision to perform surgery took into account the type of mutation, the
patient’s family history and the results of the Pg-stimulation test.

Serum calcitonin assay and pentagastrin test
Serum CT levels (for basal determination and after Pg stimulation) were measured using a secondgeneration solid-phase, two-site, immunoradiometric assay (IRMA-hCT®; IBA CIS Bio International,
Gif-Sur-Yvette, France), which is the most commonly used in France. Its analytical sensitivity was 1.5
ng/L. The functional sensitivity, the lowest concentration which gave a coefficient of variation of
<20% in interassay variations, was 5 ng/L. All serum CT levels below functional sensitivity (<5 ng/L)
were considered to be equal to 4.9 ng/L in this study. For the Pg-stimulation test, blood was collected
before and at 0, 5, 15 and 30 min after intravenous Pg injection (0.5 g/kg). The Pg-stimulation test
was performed before surgery in patients with germline RET mutations and after surgery during the
follow-up of MTC patients.

Assessment criteria
All patients underwent baseline and Pg-stimulated serum CT measurements. The usual threshold of
10 ng/L was used for Pg-stimulated CT: a Pg-stimulated CT ≥10ng/L was considered pathological and
the Pg-stimulation test was considered positive 8, 20, 21. This 10-ng/L threshold corresponded to the
functional sensitivity of previously used CT assays and was considered the most sensitive threshold
when detecting disease at its earliest stage in RET-gene carriers and when assessing a biological cure
in the post-operative follow-up period of MTC patients 7, 8, 22.

© 2012 Blackwell Publishing Ltd

The results from baseline CT determinations were compared with those of the Pg tests in terms of
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sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV). The falsenegative rate was calculated as the number of false-negative results divided by the number of falsenegative plus true-negative results of basal CT measurements to predict a positive stimulation test.
The multiplication factor between basal and stimulated CT level was calculated as the highest CT
value after stimulation divided by the basal CT value.
For group 1 patients who underwent later surgery, the results of pre-operative baseline and Pgstimulated CT determinations were also compared with their histopathological findings.
The sensitivity and specificity of basal CT, measured with the second-generation CT assay that
diagnosed C-cell disease, were evaluated with a 5-ng/L threshold.
Diagnosis of MTC was based on typical histological characteristics and immunohistochemical findings
(positive staining for CT and chromogranin, negative staining for thyroglobulin). C-cell hyperplasia
(CCH) was diagnosed when at least three low-power fields containing ≥50 C-cells were present, as
described by Guyetant et al. 23. Serial sections (3 mm thick) were used for routine staining and
immunohistochemistry.

Statistical analyses
Results are given as their means (M) ± standard deviations (SD). Sensitivity, specificity, PPV and NPV
were calculated. Results were considered significant when chi-square values were >3.84 (p <0.05).

© 2012 Blackwell Publishing Ltd
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Results
Basal and Pg-stimulated CT
The results of basal and Pg-stimulated CT measurements performed in the 162 patients are
presented in Table 1 and Figure 1. Results for RET mutations in group 1 patients are presented in
Table 2.

Comparison between basal CT and the Pg-stimulation test
As shown in Figure 2, the Pg test was positive in 95% of patients with basal CT ≥5 ng/L. Only one of
the 20 patients with basal CT ≥5 ng/L did not respond to the Pg test. In this patient, basal CT was 7
ng/L. For patients with basal CT <5 ng/L, a positive Pg test was obtained in 36 out of 142 patients
(25%). Compared to the reference Pg test, basal CT of ≥5 ng/L had a 99% specificity, a 95% PPV but
only 35% sensitivity (p <0.0001) (Table 3). In the pre-operative assessment of RET mutation carriers
and for the postoperative follow-up after thyroidectomy, basal CT level predicted a positive Pgstimulation response with 100% and 99% specificity, 100% and 86% PPV, and 39% and 27%
sensitivity, respectively (p <0.001 for both ).
Overall, the 5-ng/L threshold, instead of the previously used 10-ng/L threshold, reduced the false
negative rate of basal CT: there were 36 false-negative results for a 5-ng/L threshold versus 55 falsenegative results for a 10-ng/L threshold (31% reduction).

Comparison between pre-operative basal CT and Pg-stimulated CT with histopathology
Forty patients from group 1 underwent surgery. Histological examination showed microscopic MTCs
in 16 patients, CCHs in 22 patients and no C-cell disease in 2 patients. Neither lymph-node metastasis
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nor macroscopic MTC was found in any patient. All patients had non-detectable post-operative basal
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CT.
Among these 40 patients, post-operative histology showed CCH or MTC in all patients with basal CT
<5 ng/L (n=28, 11 microscopic MTCs, 17 CCHs); 64% (18/28) had
a positive Pg-stimulation test. All patients (n=12) with a basal CT ≥5 ng/L (5–10 ng/L) had a positive
Pg-stimulation test and 83% (10/12) showed CCHs or MTCs on postoperative histological
examination.
Basal CT had a sensitivity of 29% and a 85% PPV value to detect C-cell disease (p <0.05); the number
of false positives to detect MTC was 16 (Table 4). Pg-stimulated CT had a sensitivity of 71% and a 93%
PPV to detect C-cell disease (Table 4). A false-negative result was observed in two female patients
with microscopic MTCs and non-detectable non-stimulatable CT. One was aged 26 years, with a 804844 mutation, a basal CT of 4.9ng/L and a stimulated CT of 6.2 ng/L. The second was aged 29 years,
had a 790 mutation, a basal CT of 4.9 ng/L and a stimulated CT of 7.9 ng/L.
The mean multiplication factor (+ SD) between basal and Pg-stimulated CT was 4 + 0.8 (range: 3–5) in
patients without C-cell disease, 3 + 2.0 (range: 1–8) in patients with HCC and 8 + 7.4 (range: 1–19) in
patients with MTC.

Discussion
In this prospective study, we investigated the effectiveness of second-generation basal CT
determination to diagnose pre-operative inherited C-cell disease (with intermediate or low risk) and
for the post-operative follow-up of patients with sporadic or familial MTC. We found that secondgeneration basal CT was more sensitive than conventional basal CT but still remained less sensitive
than Pg stimulation. In patients with basal CT ≥5 ng/L, a positive Pg test is expected and the usual

© 2012 Blackwell Publishing Ltd

strategy is applied accordingly. In contrast, the NPV of basal CT<5ng/L is lower than that of Pg
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stimulation test and a negative response to the Pg stimulation test cannot be assumed.
The Pg-stimulation test is considered a reference for the diagnosis and follow-up of MTC 3, 4 because
basal CT has several drawbacks. Reference ranges for CT levels in a healthy population have to be
adapted to age and sex 18, 24. False negative results have been reported in rare cases of non-CTsecreting MTCs 25, 26. False-positive results can be observed in pathological conditions
(hypercalcemia, hypergastrinemia, neuroendocrine tumours, renal insufficiency, goitre) and nonpathological circumstances (prolonged treatment with proton pump blockers like omeprazole, beta
blockers, glucocorticoids, potential secretagogues like glucagon…), which decrease its specificity 18, 24,
27

. Thus, the PPV of basal CT is very low for moderately elevated CT level whereas Pg-stimulated CT

confers a gain in specificity: the increase in CT level after stimulation is usually 5–10 times higher
than basal CT in MTC whereas it is only moderately elevated in patients with other types of
neuroendocrine tumours 28. Furthermore, Pg-stimulated CT can be used to distinguish CCH from MTC
29

. CT stimulation testing can be used for the screening of RET mutation carriers for family

members who refuse DNA analysis 30 and has a prognostic value in MTC 31.
As Pg is not always available, an alternative test using Ca stimulation has been proposed and shows
significant correlation to Pg-stimulated CT, improved clinical tolerance and may also be used to
distinguish CCH from MTC for moderately elevated basal CT levels 16, 17. Nevertheless the American
Thyroid Association MTC guidelines suggest that “newer calcitonin assays with improved functional
sensitivities, should improve the performances of basal CT determination and limit the need for
stimulated CT testing in the diagnosis and follow-up of MTC”19. However, the efficacy of secondgeneration basal CT determination alone has not been compared with stimulated CT tests. Thus, it is
important to ascertain if the use of second-generation CT measurement improves the accuracy of
basal CT measurements and whether the results are concordant with those from stimulation testing.

© 2012 Blackwell Publishing Ltd

This study focused on two well-characterized situations: pre-operative diagnosis of inherited forms of
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C-cell disease (with intermediate or low risk) and post-operative follow-up of MTC (sporadic or
familial with all risk levels).
Inherited medullary thyroid carcinomas show a good genotype–phenotype correlation. Thus,
conventional strategy was, first, to perform prophylactic thyroidectomy on asymptomatic RET
mutation carriers i.e. to operate before the occurrence of MTC. To achieve this goal, surgery should
be performed during infancy, before the age of the earliest occurrence of MTC for the corresponding
genotype 3, 19, 32, 33. For low or intermediate risk RET mutation, an integrated DNA-based/biochemical
concept has been proposed and offers more flexibility and the opportunity to postpone surgery at a
stage when C-cell disease has already appeared. For instance, in the setting of normal annual neck
ultrasonography, less aggressive MTC family history and family preference, thyroidectomy may be
postponed and monitored on basal and stimulated-CT determination on a yearly basis. Because
previously used CT assays lack sensitivity in the lowest ranges the Pg test has been recommended as
the most sensitive test to detect C-cell disease at its earliest stage 7, 8, 33. However, non-detectable
non-stimulable pre-operative CT cannot guarantee prophylactic thyroidectomy, which is confirmed in
our study by the significant number of false-negative Pg-stimulation tests in patients with
microscopic MTCs. Therefore, despite better sensitivity, the clinical usefulness of Pg stimulated CT in
terms of practical interest for the patient is a matter of debate since thyroidectomy performed at
an early stage i.e. before the occurrence of lymph-node invasion results in an almost certain cure 8, 10,
19, 32-34

. In our study, no patients with basal CT between 5 and 10 ng/L had N1 or macroscopic MTCs,

whatever the results of Pg stimulated CT. Accordingly, recent retrospective studies showed that
moderately elevated pre-operative basal CT was always associated with a N0 status 9, 10. Thus, the
timing of surgery could be monitored using basal CT with no difference in long-term outcomes
compared to monitoring based on stimulated CT. The interest and extensiveness of lymph-node
dissection is currently under investigation. In patients with low basal CT, Pg stimulation test was
considered the most sensitive tool to identify the need for lymph node dissection. Recent studies

© 2012 Blackwell Publishing Ltd

suggested however that patients with normal or moderately elevated basal CT could forgo lymph
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node dissection as no lymph-node metastases are expected 9, 10, 35.
In the post operative follow-up period of MTC patients, a 10-year survival rate of 97.7% has been
reported in biologically cured patients (defined as undetectable basal and stimulated CT) versus
70.3% for non-cured patients (subsequent elevation of basal or stimulated CT after post-operative
normalisation), with a reported 5% late recurrence rate 13, 14. The main limitation of the present
study, which included 108 patients with post-operative basal CT levels of <10 ng/L, is the absence of
long-term clinical and biological follow-ups to assess any recurrence. Thus, the Pg stimulation test
was used as reference for assessing a biological cure. From our results, MTC patients after surgery
with detectable basal CT (≥ 5 ng/L) should be considered as non cured and patients with
undetectable basal CT (<5 ng/L) enter into long term follow-up. However, those patients do not
benefit in the results of the Pg stimulation test apart from refining their prognostic assessment as
there is no change in term of clinical management and no proven benefit in term of outcome: even
though the Pg test remains the most sensitive tool to assess a biochemical cure 11, 12, 14, when only the
stimulated CT level is detectable, the volume of residual disease is very low, unlikely to be found by
imaging until basal CT is over 150ng/L, and the patient may enter into long-term follow-up 3 . As
there is no change in the clinical management the usefulness of systematic postoperative Pg testing
has been questioned by some authors19.

In conclusion, second-generation basal CT has better sensitivity than previously used CT assays.
However, its sensitivity remains lower than that of the Pg-stimulation test. Nevertheless, for the preoperative screening of low or intermediate risk RET mutations in patients with familial MTC, basal CT
alone is well tolerated, sensitive enough to detect disease at an early state and to select subjects for
curative surgery before the occurrence of macroscopic MTC or lymph-node involvement. For MTC
patients after surgery, low levels of residual disease may be present despite undetectable basal CT

© 2012 Blackwell Publishing Ltd

values. As this minimal disease is unlikely to be localized or treated, basal CT alone is an appropriate
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tool to use during the postoperative follow-up.
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Figure legends
Figure 1: Scatterplot of basal and Pg-stimulated CT.
CT: calcitonin; Pg: pentagastrin

Figure 2: Results of Pg-stimulation test for ‘negative’ level of basal CT (<5 ng/L) and for ‘positive’ level
of basal CT (≥5 ng/L) in all patients (n =162), in the pre-operative assessment of gene carriers (group
1, n =54) and in the postoperative follow-up of MTC patients (group 2, n = 108). The Pg-stimulation
test was considered positive when Pg-stimulated CT was >10 ng/L. Basal CT measurement was
considered positive when basal CT was >5 ng/L
CT: calcitonin; Pg: pentagastrin; MTC: medullary thyroid carcinoma
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Table legends
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Table 1:
Abbreviations: F: female, M: male, SD: standard deviation, CT: calcitonin, Pg: pentagastrin, MTC:
medullary thyroid carcinoma, n: number.

Table 2:
Abbreviations: Pg: pentagastrin; CT: calcitonin; No: number, F: female; M: male; SD: standard
deviation

Table 3:
Basal CT measurement was considered positive when basal CT was ≥5 ng/L. The Pg-stimulation test
was considered positive when Pg-stimulated CT was ≥10 ng/L.
Abbreviations: CT: calcitonin; Pg: pentagastrin; PPV: positive predictive value; NPV: negative
predictive value.

Table 4:
Basal CT measurement was considered positive when ≥5 ng/L. The Pg-stimulation test was
considered positive when Pg-stimulated CT was ≥10 ng/L.
Abbreviations: CT: calcitonin; NPV: negative predictive value; Pg: pentagastrin; PPV: positive
predictive value
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Table 1: Characteristics of patients, basal and Pg stimulated CT measurement in all patients (n
=162), Group 1 (pre-operative assessment in gene carriers; n =54) and Group 2 (post operative
follow-up of MTC patients; n =108).

All patients

Group 1

Group 2

Number of patients

162

54

108

Sex, F/M

89/73

24/30

65/43

Age (years) : mean+ SD

21.5±15.9

24.3±16.6

48.5±16.3

(range)

(3–82)

(3–73)

(6–82)

Basal CT (ng/L)

5.1±0.8

5.38±1.2

5.0±0.6

(range)

(4.9–9.9)

(4.9–9.9)

(4.9–8.3)

20

13

7

Pg-stimulated CT

19.6±31.7

26.8±36.6

16.1±28.4

(range)

(4.9–179.0)

(4.9–179.0)

(4.9–145)

Number of patients
with basal CT > 5

Legend Table 1:
F: female, M: male, SD: standard deviation, CT: calcitonin, Pg: pentagastrin, MTC: medullary thyroid
carcinoma, n: number.
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Table 2: RET mutation and results of basal and Pg stimulated CT measurement in Group 1 patients
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(n=54)
RET mutation
790

891

804

804–844

768

No. of patients

24

10

14

3

3

Sex, F/M

10/14

5/5

3/11

3/0

3/0

Age : mean + SD

21.5±15.9

23.4±22.4

28.0±17.1

29.7±4.7

27.7±1.5

(range)

(4–68)

(6–73)

(3–54)

(26–35)

(26–29)

7

5

1

0

0

14

8

7

1

3

mean + SD

5.5±1.3

6.0±1.6

4.9±0.0

4.9

4.9

(range)

(4.9–9.9)

(4.9–9.0)

(4.9–5.0)

mean + SD

21.7±30.7

47.9±53.3

14.3±13.5

9.7±7.2

71.9±59.8

(range)

(4.9–133.0)

(4.9–179.0)

(4.9–52.2)

(4.9–18.0)

(37.4–141.0)

No. of patients with
Basal CT ≥5ng/L

No. of patients with
Pg CT ≥10ng/L
Basal CT:

Pg-stimulated CT
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Legend Table 2:
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Pg: pentagastrin; CT: calcitonin; No: number, F: female; M: male; SD: standard deviation

Table 3: Sensitivity, specificity, PPV and NPV of basal CT measurement versus Pg stimulation test
for all patients (N=162), pre-operative assessment of gene carriers (Group 1, N=54) and post
operative follow-up of MTC patients (Group 2, N=108).

All patients

Group 1

Group 2

N=162

N=54

N=108

Sensitivity %

35

39

27

Specificity %

99

100

99

PPV %

95

100

86

NPV %

75

51

84

p

<0.0001

<0.001

<0.0001

Legend Table 3:
Basal CT measurement was considered positive when basal CT was superior or equal to 5ng/L. The Pg
stimulation test was considered positive when Pg stimulated CT was superior or equal to 10ng/L.
CT: calcitonin; Pg: pentagastrin; PPV: positive predictive value; NPV: negative predictive value.
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Table 4: Sensitivity, specificity, PPV and NPV of pre-operative basal CT measurement and Pg
stimulation test for Group 1 patients who underwent thyroidectomy (N=40) for the detection of CCell disease

Detection of C-Cell disease

Basal CT

Pg CT

Sensitivity %

29%

71%

Specificity %

0%

0%

PPV %

85%

93%

NPV %

0%

0%

p

<0.05

Legend table 4:

Basal CT measurement was considered positive when superior or equal to 5ng/L. The Pg stimulation
test was considered positive when Pg stimulated CT was superior or equal to 10ng/L.
CT: calcitonin; NPV: negative predictive value; Pg: pentagastrin; PPV: positive predictive value
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