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Johannes A. Romijn* and Johannes W. A. Smit*
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Leiden University Medical Centre, Leiden, the Netherlands

Summary

Context In the management of patients with medullary thyroid

carcinoma (MTC), calcitonin doubling time (dt) has gained

interest as an independent predictor of recurrence and survival.

Objective To perform a structured meta-analysis of the diagnos-

tic value of calcitonin dt, carcinoembryonic antigen (CEA) dt and

the combination and to define dt strata with the highest predictive

power.

Design The study was a meta-analysis using individual data.

Methods Ten studies containing data on the post-operative

kinetics of tumour marker(s) and (recurrence free) survival were

included.

Results Calcitonin- and CEA-dt are significant indicators for

survival (hazard ratios (HR) 21Æ52 respectively infinite for dt

0–1 year compared to dt >1 year) and recurrence (HR 5Æ33 respec-

tively 6Æ80 for dt 0–1 year compared to dt >1 year). The highest

predictive power was found for the dt classification 0–1 year vs.

>1 year. CEA dt has a higher predictive value than calcitonin dt in

the subgroup of patients for which both parameters were available.

Conclusion The dts of both calcitonin and CEA are strong prog-

nostic indicators for MTC recurrence and death. CEA dt has a

higher predictive value than calcitonin dt and therefore measuring

both tumour markers is essential for proper risk stratification.

(Received 18 March 2009; returned for revision 31 March 2009;

finally revised 14 May 2009; accepted 22 June 2009)

Introduction

Surgery is the only curative treatment for medullary thyroid

carcinoma (MTC). Total thyroidectomy with bilateral central

lymphadenectomy is generally accepted as the minimal initial treat-

ment,1–3 the indication and extent of lateral lymphadenectomy still

remaining controversial.4–7 Patients are considered biochemically

cured, when post-surgical serum levels of calcitonin are undetect-

able. Calcitonin is a highly sensitive marker of persistent or recur-

rent disease, often indicating MTC long before tumour

localizations are visualized by imaging.8,9 Unfortunately, calcitonin

levels remain detectable in a majority of patients with the propor-

tion ranging from 55% to 66% despite adequate surgical interven-

tion.2,10,11 The second tumour marker used in the follow-up of

MTC is carcinoembryonic antigen (CEA), generally considered to

have lower diagnostic accuracy than calcitonin.12–14

Usually, imaging procedures of different modalities are under-

taken to search for tumour recurrence or metastasis when elevated

serum calcitonin levels are present. However, despite the advent of

elaborate imaging techniques, including 18F-DOPA PET,15 exami-

nations often remain negative resulting in uncertainties on the

disease status of the patient. It is therefore necessary to stratify

patients with measurable serum calcitonin levels according to their

risk for tumour recurrence or death.

The prognostic value of calcitonin kinetics was shown in 1979 by

Stepanas et al.,16 although absolute serum levels of calcitonin do

not correlate well with tumour progression or survival.12 Subse-

quently, several other studies have investigated the prognostic value

of sequential changes of calcitonin concentrations. Recently, Barbet

et al.17 showed that calcitonin doubling time (calcitonin dt) is an

independent predictor of survival with a higher predictive value

than TNM stage classification in multivariate analysis. Since then,

calcitonin dt has gained interest to stratify post-operative MTC

patients with measurable calcitonin levels. In contrast to calcitonin

dt, to our knowledge, only two studies have addressed the relation-

ship between CEA dt and survival.17,18

As the concept of calcitonin dt as a prognostic marker for risk of

recurrence and death in MTC is attractive, we performed a litera-

ture review followed by a structured meta-analysis on individual
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data to study the prognostic value of calcitonin dt. As most studies

so far did not take into account the prognostic value of dts of calci-

tonin and CEA together, we included this in our analysis.

Materials and methods

Literature search

A formal literature search was performed in the databases PubMed

(Medline), EMBASE, Web of Science and Cochrane Library, using

the ‘AND’ combination of the main concepts ‘calcitonin’ and ‘MTC’.

The strategy was optimized for each consulted database. In Pub-

Med and Cochrane Library, the combination of relevant Medical

Subject Headings and free text words was used. In EMBASE, the

combination of free text words in the title and official keywords

was used, whereas in Web of Science free text words were used. The

detailed search strategy is available from the authors upon request.

We restricted our search to publications in ‘English language’ and

‘articles containing abstracts’. The last date of data acquisition was

September 9th, 2008. All abstracts were screened for information

on (post-operative) calcitonin kinetics in relation to survival and/

or recurrence, or the suggestion that such information would be

present in the article.

Initially, 1818 publications were found related to MTC and calci-

tonin. Based on abstract reading, 60 publications were selected and

read in full text. Publications were included when they contained

data on (post-operative) calcitonin dt as a prognostic factor for

survival or when they contained detailed information on serial

calcitonin values and survival for individual patients to calculate

individual calcitonin dt values for each patient. The well known

study of Giraudet et al.19 was not included in our analysis because

this study did not include data on survival.

For the calculation of calcitonin dt, we required a minimum of

five patients per publication and at least three calcitonin values per

patient. Another inclusion criterion was that calcitonin measure-

ments had to be performed with one laboratory assay technique in

each patient. A total of 50 publications were excluded for different

reasons (available from authors upon request). Finally, ten studies

fulfilling all criteria were included in our analyses.

Data extraction

Common criteria were used to establish outcome and disease pro-

gression in the studies that are included in the meta-analysis. The

following parameters were collected: age, gender, proportion of

sporadic/hereditary MTC, surgical treatment modalities, lymph

node surgery, presence of cervical lymph node metastases, follow

up duration, presence and time of clinically or radiologically (by

(one of) the used imaging techniques) proven recurrence or metas-

tases, additional therapies, tumour-specific death (all patients

included in the meta-analysis died due to MTC), number of

patients with serial calcitonin and/or CEA measurements, calcito-

nin and CEA assay method, number of calcitonin CEA measure-

ments per patient, post-operative calcitonin or CEA serum levels,

and calcitonin- or CEA-dt in relation to survival and recurrence.

We specifically checked for overlapping data sets.

To compare the post-operative values of calcitonin and CEA

between patients from different studies, the original serum calcito-

nin and CEA levels as given in the text were expressed as number of

times above the upper limit of normal for the assay used in the par-

ticular study. To calculate dts for studies not explicitly reporting

calcitonin- and CEA- dt, individual patient data were extracted

from the available originally presented data on calcitonin and CEA

values. Exponential growing curves a exp (b time) were fitted to

the data (using standard linear regression of the log-transformed

serum levels on time) and dts were then calculated as ln (2)/b.

Statistical analysis

spss for windows, version 14.0 (SPSS Inc., Chicago, IL, USA) was

used to perform all analyses. In all tests, a P-value <0Æ05 was con-

sidered significant and 95% Confidence Intervals (CI) were given,

when appropriate.

Kaplan–Meier and univariate Cox regression survival analyses

were used to determine the prognostic value of calcitonin and CEA

dt for clinical or radiological recurrence (recurrence free survival)

and death. For reasons of limited number of events, the analysis

was restricted to univariate analysis. As sometimes the estimated

hazard ratios (HR) were infinite, the likelihood ratio test was

performed to test for associations with survival.

In the literature, different calcitonin dt stratifications are

used.9,17,20–22 In our analyses, we set out to define calcitonin- and

CEA-dt strata that were best associated with recurrence-free

and disease-specific survival as given by the stratification with the

highest HR and smallest CI.

Results

Characteristics of retrospective studies

All studies included are retrospective studies. These are summarized

in Table 1. Only four studies provided quantitative data on the

prognostic value of calcitonin dt with regard to survival and recur-

rence. In the other remaining studies, we calculated calcitonin- and

CEA-dt from the individual data, according to the methods as

described in Materials and methods. There were only two studies

reporting both calcitonin- and CEA-dt.17,18

In the meta-analysis, individual clinical parameters could be

extracted for 73 patients from six studies. Patient characteristics are

shown in Table 2. Median follow-up since diagnosis was

71 months (range 6–312 months). During the period of follow-up,

clinical or radiological recurrence was observed in 22 (30%) of the

patients and 12 (16%) patients died of MTC. The overall

5- and 10-year survival rates were 88% and 81% respectively. Five-

and 10-year recurrence free survival rates in all patients were 68%

and 47% respectively.

Prognostic factors

Univariate analysis. Kaplan–Meier and univariate Cox regression

survival analyses were used to define the prognostic value of

calcitonin- and CEA-dt for clinical or radiological recurrence
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(recurrence free survival) and death. There were no significant

differences in survival and recurrence-free survival time between

the different studies (data not shown).

The following parameters were found to be significant indicators

for survival (Table 3): age (HR 5Æ06, P = 0Æ020) and calcitonin- and

CEA-dt, which appeared to have the highest prognostic value. We

compared the prognostic value of the following four classifications:

• dt: 0–0Æ5 year/0Æ5–2 years/>2 years (including negative dt),

• dt: 0–0Æ5 year/>0Æ5 year (including negative dt),

• dt: 0–1 year/>1 year (including negative dt) and

• dt: 0–2 years/>2 years (including negative dt).

The best prognostic values were found for classification III

(Table 3): calcitonin dt classification III: HR: 21Æ52, P £ 0Æ001 and

CEA dt classification III HR: infinite, P < 0Æ001. The 5- and 10-year

survival for patients with a calcitonin dt of <1 year were 36% and

18% respectively and for patients with calcitonin dt longer than

1 year 98% and 95% respectively (Fig. 1a). A CEA dt of <1 year

corresponded with a 5- and 10-year survival of 43% and 21%

respectively and a CEA dt longer than 1 year with 100% and 100%

respectively (Fig. 2a).

The following parameters were found to be significant indicators

for clinical or radiological recurrence (Table 3): lymph node dissec-

tion (HR: 0Æ38, P = 0Æ044), cervical lymph node metastases (HR:

4Æ62, P = 0Æ012) and post-operative calcitonin level (categorized as

above or below the upper limit of normal) (HR: 5Æ89, P = 0Æ001).

Calcitonin- and CEA-dt again appeared to have the highest prog-

nostic value.

Comparing the prognostic value of the former mentioned classi-

fications, the best prognostic values were found for calcitonin dt

classification II (HR: 15Æ00, P = 0Æ010) and CEA dt classification III

(HR: 6Æ80, P = 0Æ009). The 5-year recurrence-free survival rate for

patients with a calcitonin dt of <1 year was 20%; for patients with a

calcitonin dt longer than 1 year, it was 73% (Fig. 1b). For patients

with a CEA dt of <1 year, 5-year recurrence-free survival rate was

0% and for patients with a CEA dt longer than 1 year, it was 69%

(Fig. 2b).

CEA

Although calcitonin dt is a prognostic parameter for (recurrence

free) survival, some patients have a short (recurrence free) survival

in spite of a favourable calcitonin dt (calcitonin dt >1 year) and

vice versa (Fig. 1a, b). One patient with a negative calcitonin dt

()0Æ22 years) died of MTC 8 months after the primary interven-

tion. The post-operative CEA level in this patient was 58 times the

upper limit of normal and the CEA dt was 0Æ74 year.

Conversely, two patients with unfavourable calcitonin dt of 0Æ85

and 0Æ87 years respectively were alive at the end of the period of fol-

low-up of 84 48 months respectively. CEA dt in those patients were

10Æ2 and 6Æ5 years respectively. Therefore, it is worthwhile to use

CEA dt in addition to calcitonin dt to improve the predictive values

of these plasma markers of MTC. When combining the dt of both

tumour markers, the combination of a calcitonin dt and CEA dt of

<1 year corresponds to 100% mortality and 100% recurrence rate

(Table 4). A favourable calcitonin dt and CEA dt (longer than

1 year) corresponds to 100% survival and 32% recurrence rate

during the period of follow-up.

In the subset of 39 patients for whom both calcitonin and CEA

were known, the model with CEA dt (<1 years) had a higher

predictive value for survival (deviance 15Æ33, HR: ¥, P = <0Æ001)

compared with calcitonin dt (deviance 24Æ64, HR: 21Æ09,

P = 0Æ001). Also, for recurrence, the model with CEA dt (<1 year)

had a higher predictive value (deviance 80Æ80, HR: 6Æ80,

P = 0Æ009) compared with calcitonin dt (deviance 83Æ30, HR: 4Æ11,

P = 0Æ036).

The combination of a favourable calcitonin dt (>1 year) with an

unfavourable CEA dt (<1 year) seems to represent a worse progno-

sis, with 50% mortality and 100% recurrence rate when compared

with the combination of an unfavourable calcitonin dt (<1 year)

and a favourable CEA dt (>1 year), survival being 100% and recur-

rence rate 50%.

Discussion

We performed this study to analyse the prognostic value of calcito-

nin- and CEA-dt in patients with MTC.

Table 2. Clinical characteristics of the patient population

No. patients 73

Age median (range) 41 (14–74)

£45 / >45 years/unknown 43/28/2

Gender

Female/male 39/34

Type of MTC

Sporadic/hereditary/unknown 40/21/12

Extent of surgery

TT/less than TT/no surgery/unknown 46/14*/1/12

Lymph node dissection†

Yes/no/unknown 39/22/12

Cervical lymph node metastases

Yes/no/unknown 41/17/15

Additional treatment

RT/CT/RAI 29/7/3

None/unknown 28/12

Follow-up duration median (range) 71Æ0 (6–312)

Calcitonin dt (n = 73)

< 0 / 0–0Æ5 / 0Æ5–2 / > 2 years 21/5/12/35

< 0 / 0–0Æ5 / > 0Æ5 year 21/5/47

< 0 / 0–1 / > 1 year 21/11/41

< 0 / 0–2 / > 2 years 21/17/35

CEA dt (n = 39)

< 0 / 0–0Æ5 / 0Æ5–2 / > 2 years 14/4/7/14

< 0 / 0–0Æ5 / > 0Æ5 year 14/4/21

< 0 / 0–1 / > 1 year 14/7/18

< 0 / 0–2 / > 2 years 14/11/14

Post-operative calcitonin level‡

median (range) (n = 53)

3Æ6 (0Æ16–1600Æ7)

Post-operative CEA level‡

median (range) (n = 15)

1Æ74 (0Æ16–58Æ1)

*In two patients because of a palliative setting; †Authors did not differenti-

ate between prophylactic and therapeutic lymph node dissection; ‡expressed

as number of times above the upper limit of normal for the assay used in

each particular study. TT, total thyroidectomy; CT, chemotherapy; RT,

radiotherapy; RAI, radioiodine.
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Although only four studies reported calcitonin dt, we were able

to calculate individual calcitonin- and CEA-dt from all 10 studies

selected. In the meta-analysis, individual clinical parameters could

be extracted for 73 patients from six studies. We found that both

calcitonin- and CEA-dt are strong prognostic indicators for dis-

ease-related survival and recurrence-free survival, i.e. they can be

interpreted as indicators of aggressive disease. Our finding may add

to a better stratification of MTC patients to highlight those patients

who may be served best through new chemotherapies or radio-

pharmaceuticals. Doubling times of <1 year reflected the highest

hazard ratio: 21Æ52 for death and 5Æ33 for recurrence (calcitonin dt)

and infinite for death and 6Æ80 for recurrence (CEA dt). Although

calcitonin dt has gained interest to stratify post-operative MTC

patients with measurable calcitonin levels, this study shows that

CEA dt has a higher predictive value than calcitonin dt.

Interestingly, we also found that in some patients, a favourable

calcitonin dt is associated with a poor outcome, although calcito-

nin dt is a significant prognostic parameter for death and vice versa.

The addition of CEA-dt to calcitonin dt partially explains this phe-

nomenon, as subgroups of patients have dissociated dts of these

two tumour markers.

The underlying assumption in the calculation of dts is that the

rates of calcitonin and CEA production per tumour cell are con-

stant during the course of the disease. However, this is not true in

all cases, as during the process of dedifferentiation, calcitonin pro-

duction can be (relatively) normal23,24 or even decrease, which can

be accompanied by an increase in CEA production.25 We believe,

therefore, that the simultaneous analysis of calcitonin- and CEA-dt

is essential for a proper risk stratification of MTC patients. More-

over, this process of dedifferentiation may clarify the higher predic-

tive value of CEA dt compared with calcitonin dt which was found

in this study.

Finally, we found that the post-operative level of calcitonin

is a significant indicator for recurrence-free survival. As in a

considerable number of studies, no post-surgical calcitonin

levels were reported, it was not possible to combine post-surgical

calcitonin levels and calcitonin dt in a statistical model. One

needs therefore to consider that the actual tumour burden at

baseline is an important factor in determining outcome. A slow

dt on a background of high tumour burden may be associated

with worse prognosis than short dt in the context of a low

starting tumour burden.

Table 3. Clinical and biological prognostic variables, univariate analysis

Variables

Survival

P-value

Recurrence

P-valueHR (95% CI) HR (95% CI)

Age: £45/>45 years 5Æ06 (1Æ21–21Æ13) 0Æ020 1Æ35 (0Æ51–3Æ57) 0Æ551

Gender: female/male 2Æ00 (0Æ58–6Æ91) 0Æ268 1Æ23 (0Æ53–2Æ87) 0Æ626

Type of MTC: hereditary/sporadic 1Æ01 (0Æ25–4Æ05) 0Æ990 2Æ17 (0Æ80–5Æ89) 0Æ108

Extent of surgery: total/less than total 1Æ26 (0Æ31–5Æ08) 0Æ745 0Æ72 (0Æ26–1Æ97) 0Æ507

LN dissection: yes/no 0Æ52 (0Æ10–2Æ59) 0Æ403 0Æ38 (0Æ14–1Æ05) 0Æ044

CLN metastases: no/yes 2Æ59 (0Æ32–21Æ07) 0Æ318 4Æ62 (1Æ08–19Æ86) 0Æ012

Additional treatment: no/yes 3Æ30 (0Æ66–16Æ57) 0Æ118 1Æ47 (0Æ60–3Æ61) 0Æ394

Post-operative calcitonin level (n = 53)

Above or below upper limit of normal 5Æ08 (0Æ59–43Æ38) 0Æ081 5Æ89 (1Æ70–20Æ45) 0Æ001

Above or below the median 3Æ26 (0Æ61–17Æ28) 0Æ142 7Æ38 (2Æ37–22Æ98) <0Æ001

Above or below the mean 2Æ82 (0Æ47–16Æ90) 0Æ282 3Æ91 (1Æ40–10Æ93) 0Æ016

Post-operative CEA level (n = 15)

Above or below upper limit of normal 40Æ90 (0–¥) 0Æ355 1Æ43 (0Æ14–14Æ12) 0Æ753

Above or below the median 65Æ29 (0–¥) 0Æ244 5Æ14 (0Æ53–49Æ70) 0Æ122

Above or below the mean 270Æ76 (0–¥) 0Æ115 6Æ27 (0Æ64–61Æ12) 0Æ083

Calcitonin dt classification (n = 73)

I*: 0.5–2 vs. >2 or <0 year(s) 12Æ58 (2Æ43–65Æ21) <0Æ001 2Æ18 (0Æ78–6Æ07) 0Æ015

0–0.5 vs. >2 or <0 year(s) 34Æ69 (6Æ39–188Æ22) 17Æ32 (3Æ38–88Æ82)

II*: 0–0Æ5 vs. >0Æ5 or <0 year 12Æ24 (3Æ65–41Æ06) <0Æ001 15Æ00 (3Æ00–74Æ87) 0Æ010

III*: 0–1 vs. >1 or <0 year 21Æ52 (5Æ70–81Æ32) <0Æ001 5Æ33 (1Æ74–16Æ36) 0Æ013

IV*: 0–2 vs. >2 or <0 year 18Æ23 (3Æ97–83Æ65) <0Æ001 2Æ90 (1Æ16–7Æ21) 0Æ033

CEA dt classification (n = 38)

I*: 0.5–2 vs. >2 or <0 year(s) ¥ <0Æ001 4Æ09 (1Æ14–14Æ69) 0Æ033

0–0Æ5 vs. >2 or <0 year(s) ¥ 7Æ22 (1Æ33–39Æ19)

II*: 0–0Æ5 vs. >0Æ5 or <0 year 39Æ53 (4Æ37–357Æ71) <0Æ001 4Æ93 (0Æ99–24Æ54) 0Æ093

III*: 0–1 vs. >1 or <0 year ¥ <0Æ001 6Æ80 (1Æ89–24Æ44) 0Æ009

IV*: 0–2 vs. >2 or <0 year(s) ¥ <0Æ001 4Æ73 (1Æ49–14Æ97) 0Æ011

*Classification I: doubling time: 0–0Æ5 year/0Æ5–2 years/>2 years (including negative dt), II: doubling time: 0–0Æ5 year/>0Æ5 year (including negative dt), III:

doubling time: 0–1 year/>1 year (including negative dt), and IV: doubling time: 0–2 years/>2 years (including negative dt). Bold printed categories in the

categorical variables were used as reference category in the Cox regression analysis. Significant P-values (obtained by the Likelihood ratio test) are printed in

bold. LN, lymph node; CLN, central LN.
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Limitations of the current analyses are the retrospective charac-

ter of the studies and the heterogeneity of the studies involved.

Retrospective studies obviously have as a limitation that the

outcomes will be affected by changes in surgical procedures, imag-

ing techniques and analytical methods. We were not able to explain

the fact that 32% of patients showed a recurrence in spite of favour-

able dts of both calcitonin and CEA, this being inherent to the

retrospective character of the current analysis. In the majority of

those patients, information on the post-operative serum level of

CEA was missing, which probably is a prognostic indicator as well.

Changes in surgical procedures will not affect the biological behav-

iour of MTC cells (which is the essence of dts), but may have influ-

enced post-surgical calcitonin and CEA levels and may explain the

better (recurrence free) survival rates for the unfavourable calcito-

nin dt in the more recent studies. Nevertheless, there were no

significant differences in the calculated survival and recurrence-free

survival times among the six studies included in the meta-analysis.

We believe that technological developments in imaging devices

throughout the follow-up period do not change the general mes-

sage of our study that calcitonin and CEA dt are important deter-

minants of recurrence, but that the exact cut-off values we found

should be interpreted with caution.

The most important aspect in the heterogeneity of the studies

are differences in calcitonin and CEA assays. The problem of
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Fig. 1 (a) Disease-specific Kaplan–Meier survival

curve of 73 patients with MTC. Patients were

grouped according to calcitonin doubling time.

Calcitonin dt (0–1 vs. >1 year) is a significant

prognostic parameter (HR: 21Æ52, P = <0Æ001). The

5- and 10-year survival rates for patients with a

calcitonin dt of <1 year were 36% and 18%

respectively and for patients with calcitonin dt

longer than 1 year, 98% and 95% respectively.

(b) Recurrence-free Kaplan–Meier survival curve of

55 patients with MTC. Patients were grouped

according to calcitonin doubling time. Calcitonin

dt (0–1 vs. >1 year) is a significant indicator for

clinical or radiological recurrence (HR: 5Æ33,

P = 0Æ013). Five-year recurrence-free survival rate

for patients with a calcitonin dt of <1 year was 20%

and for patients with a calcitonin dt longer than

1 year it was 73%.
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changes in calcitonin assays was overcome by excluding studies in

which different assays were used within the same patients. More-

over, as opposed to absolute levels, dts are not affected by the assay.

In addition, we normalized absolute calcitonin and CEA levels

according to the reference limits of the assays used. Although the

‘hook effect’ in calcitonin immunoradiometric assay is sporadically

described,26 an effect of this phenomenon on the calcitonin dts as

presented in this meta-analysis is theoretically possible. A potential

limitation could be overlapping datasets; however, studies con-

ducted by the same group of investigators were not included in the

meta-analysis.
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Fig. 2 (a) Disease-specific Kaplan–Meier survival

curve of 39 patients with MTC. Patients were

grouped according to CEA doubling time. CEA dt

(0–1 vs. >1 year) is a significant indicator for

survival (HR: infinite, P < 0Æ001). A CEA dt of

<1 year corresponded to a 5- and 10-year survival

of 43% and 21% respectively and a CEA dt longer

than 1 year to 100% and 100% respectively.

(b) Recurrence-free Kaplan–Meier survival curve of

34 patients with MTC. Patients were grouped

according to CEA doubling time. CEA dt (0–1 vs.

>1 year) is a significant indicator for clinical or

radiological recurrence (HR: 6Æ80, P = 0Æ009). For

patients with a CEA dt of <1 year, 5-year

recurrence-free survival rate was 0% and for

patients with a CEA dt longer than 1 year, it was

69%.

Table 4. Survival (n = 39) and recurrence-free survival (n = 34) for the

period of follow-up by combination of calcitonin- and CEA-doubling time

CEA dt

Survival

Recurrence-free

survival

0–1 year >1 year Total 0–1 year >1 year Total

Ct dt

0–1 year 0/5 1/2 1/7 0/3 0/1 0/4

>1 year 2/2 30/30 32/32 1/2 19/28 20/30

Total 2/7 31/32 1/5 19/29
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Finally, it should be mentioned that in the analysis, we used the

Cox regression model of proportional hazards as we assumed that

the hazards were proportional. However, it was difficult to test this

formally as the number of events was small and several of the esti-

mated HR were infinite. Likewise, the power of the current analysis

did not allow a combined quantitative analysis of calcitonin and

CEA dt. Therefore, additional studies should be performed with

larger numbers of patients.

In conclusion, we found in a structured meta-analysis that both

calcitonin- and carcinoembryonic antigen-dt are strong prognostic

indicators for medullary thyroid carcinoma recurrence and death.

carcinoembryonic antigen-dt has a remarkable higher predictive

value than calcitonin dt. The study in part confirms the findings of

earlier studies, but extends their findings in the notion that the

Carcinoembryonic antigen-dt has a higher predictive value than

calcitonin dt.

Acknowledgement

Johannes W.A. Smit is a recipient of a research grant from the

Dutch Cancer Foundation KWF.

Competing interests/financial disclosure

There is no conflict of interest that could be perceived as prejudic-

ing the impartiality of the research reported.

References

1 Dralle, H., Damm, I., Scheumann, G.F. et al. (1994) Compartment-

oriented microdissection of regional lymph nodes in medullary

thyroid carcinoma. Surgery Today, 24, 112–121.

2 Ukkat, J., Gimm, O., Brauckhoff, M. et al. (2004) Single center

experience in primary surgery for medullary thyroid carcinoma.

World Journal of Surgery, 28, 1271–1274.

3 Hamy, A., Pessaux, P., Mirallie, E. et al. (2005) Central neck

dissection in the management of sporadic medullary thyroid

microcarcinoma. European Journal of Surgical Oncology, 31,

774–777.

4 Dotzenrath, C., Goretzki, P.E., Cupisti, K. et al. (2001) Is there

any consensus in diagnostic and operative strategy with respect

to medullary thyroid cancer? A questionnaire answered by 73

endocrine surgical units. Langenbeck’s Archives of Surgery, 386,

47–52.

5 Kebebew, E., Greenspan, F.S., Clark, O.H. et al. (2005) Extent of

disease and practice patterns for medullary thyroid cancer. Journal

of the American College of Surgeons, 200, 890–896.

6 de Groot, J.W., Links, T.P., Sluiter, W.J. et al. (2007) Locoregional

control in patients with palpable medullary thyroid cancer: results

of standardized compartment-oriented surgery. Head and Neck,

29, 857–863.

7 Moley, J.F. & Fialkowski, E.A. (2007) Evidence-based approach to

the management of sporadic medullary thyroid carcinoma. World

Journal of Surgery, 31, 946–956.

8 Pellegriti, G., Leboulleux, S., Baudin, E. et al. (2003) Long-term

outcome of medullary thyroid carcinoma in patients with normal

postoperative medical imaging. British Journal of Cancer, 88, 1537–

1542.

9 de Groot, J.W.B., Plukker, J.T.M., Wolffenbuttel, B.H.R. et al.

(2006) Determinants of life expectancy in medullary thyroid can-

cer: age does not matter. Clinical Endocrinology, 65, 729–736.

10 Weber, T., Schilling, T., Frank-Raue, K. et al. (2001) Impact of

modified radical neck dissection on biochemical cure in medullary

thyroid carcinomas. Surgery, 130, 1044–1049.

11 Cupisti, K. (2007) Long-term clinical and biochemical follow-up in

medullary thyroid carcinoma: a single institution’s experience over

20 years. Annals of Surgery, 246, 815–821.

12 Busnardo, B., Girelli, M.E. & Simioni, N. (1984) Nonparallel

patterns of calcitonin and carcinoembryonic antigen levels in the

follow-up of medullary thyroid carcinoma. Cancer, 53, 278–285.

13 Wells, S.A. Jr, Haagensen, D.E. Jr, Linehan, W.M. et al. (1978) The

detection of elevated plasma levels of carcinoembryonic antigen in

patients with suspected or established medullary thyroid carci-

noma. Cancer 42, 3(Suppl.), 1498–1503.

14 Rougier, P., Calmettes, C., Laplanche, A. et al. (1983) The values of

calcitonin and carcinoembryonic antigen in the treatment and

management of nonfamilial medullary thyroid carcinoma. Cancer,

51, 855–862.

15 Hoegerle, S., Altehoefer, C., Ghanem, N. et al. (2001) 18F-DOPA

positron emission tomography for tumour detection in patients

with medullary thyroid carcinoma and elevated calcitonin levels.

European Journal of Nuclear Medicine, 28, 64–71.

16 Stepanas, A.V., Samaan, N.A., Hill, C.S. Jr et al. (1979) Medullary

thyroid carcinoma: importance of serial serum calcitonin measure-

ment. Cancer, 43, 825–837.

17 Barbet, J., Campion, L., Kraeber-Bodere, F. et al. (2005) Prognostic

impact of serum calcitonin and carcinoembryonic antigen dou-

bling-times in patients with medullary thyroid carcinoma. Journal

of Clinical Endocrinology and Metabolism, 90, 6077–6084.

18 Saad, M.F., Fritsche, H.A. Jr & Samaan, N.A. (1984) Diagnostic and

prognostic values of carcinoembryonic antigen in medullary carci-

noma of the thyroid. Journal of Clinical Endocrinology and Metabo-

lism, 58, 889–894.

19 Laure, G.A., Al, G.A., Auperin, A. et al. (2008) Progression of med-

ullary thyroid carcinoma: assessment with calcitonin and carcino-

embryonic antigen doubling times. European Journal of

Endocrinology, 158, 239–246.

20 Chatal, J.F., Campion, L., Kraeber-Bodere, F. et al. (2006)

Survival improvement in patients with medullary thyroid car-

cinoma who undergo pretargeted anti-carcinoembryonic-anti-

gen radioimmunotherapy: a collaborative study with the

French Endocrine Tumour Group. Journal of Clinical Oncol-

ogy, 24, 1705–1711.

21 Miyauchi, A., Onishi, T., Morimoto, S. et al. (1984) Relation of

doubling time of plasma calcitonin levels to prognosis and recur-

rence of medullary thyroid carcinoma. Annals of Surgery, 199, 461–

466.

22 Miyauchi, A., Matsuzuka, F., Kuma, K. et al. (1988) Evaluation of

surgical results and prediction of prognosis in patients with medul-

lary thyroid carcinoma by analysis of serum calcitonin levels. World

Journal of Surgery, 12, 610–615.

23 Wang, T.S., Ocal, I.T., Sosa, J.A. et al. (2008) Medullary thyroid

carcinoma without marked elevation of calcitonin: a diagnostic

and surveillance dilemma. Thyroid, 18, 889–894.

24 Dora, J.M., Canalli, M.H., Capp, C. et al. (2008) Normal periopera-

tive serum calcitonin levels in patients with advanced medullary

thyroid carcinoma: case report and review of the literature. Thy-

roid, 18, 895–899.

Tumour marker doubling times as prognostic factors in MTC 541

� 2010 Blackwell Publishing Ltd, Clinical Endocrinology, 72, 534–542



25 Osaka, M., Soga, J., Tamiya, Y. et al. (1999) Dedifferentiation of

neoplastic cells in medullary thyroid carcinoma: report of a case.

Surgery Today – The Japanese Journal of Surgery, 29, 1189–1194.

26 Leboeuf, R., Langlois, M.F., Martin, M. et al. (2006) ‘‘Hook effect’’

in calcitonin immunoradiometric assay in patients with metastatic

medullary thyroid carcinoma: case report and review of the litera-

ture. Journal of Clinical Endocrinology and Metabolism, 91, 361–

364.

27 Palmer, B.V., Harmer, C.L. & Shaw, H.J. (1984) Calcitonin and

carcino-embryonic antigen in the follow-up of patients with

medullary carcinoma of the thyroid. British Journal of Surgery, 71,

101–104.

542 J. A. A. Meijer et al.

� 2010 Blackwell Publishing Ltd, Clinical Endocrinology, 72, 534–542


