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Context: European studies have shown that the use of routine calcitonin screening for detection
of medullary thyroid cancer (MTC) in patients with thyroid nodules increases the detection of occult
MTC and may improve patient outcomes. Calcitonin screening for MTC has not been recommended
in recent U.S. practice guidelines.

Objective: Our objective was to determine the cost-effectiveness (C/E) of routine calcitonin screen-
ing in adult patients with thyroid nodules in the United States.

Settings/Subjects: A decision model was developed for a hypothetical group of adult patients
presenting for evaluation of thyroid nodules in the United States. Patients were screened using
current American Thyroid Association guidelines only, or American Thyroid Association guidelines
with routine serum calcitonin screening. Input data were obtained from the literature, the Sur-
veillance Epidemiology and End Results and Healthcare Cost and Utilization Project’s Nationwide
Inpatient Sample databases, and the Medicare Reimbursement Schedule. Sensitivity analyses were
performed for a number of input variables.

Main Outcome Measures: C/E, measured in dollars per life years saved (LYS), was calculated.

Results: Addition of calcitonin screening to current American Thyroid Association guidelines for
the evaluation of thyroid nodules would cost $11,793 per LYS ($10,941–$12,646). When extrapo-
lated to the national level, calcitonin screening for MTC in the United States would yield an
additional 113,000 life years at a cost increase of 5.3%. Calcitonin screening C/E is sensitive to
patient age and gender, and to changes in disease prevalence, specificity of fine needle aspiration
and calcitonin testing, calcitonin screening level, costs of testing, and length of follow-up.

Conclusion: Routine serum calcitonin screening in patients undergoing evaluation for thyroid
nodules appears to be cost effective in the United States, with C/E comparable to the measurement
of thyroid stimulating hormone, colonoscopy, and mammography screening. (J Clin Endocrinol
Metab 93: 2173–2180, 2008)

Medullary thyroid cancer (MTC) is a neuroendocrine tumor
of the thyroid derived from parafollicular cells, or C

cells. C cells are part of the amine precursor uptake and decar-
boxylation system; they are responsible for the production of
calcitonin, a sensitive and specific marker for MTC. MTC con-

stitutes 3–10% of all thyroid cancers and is responsible for up to
13.4% of all deaths related to thyroid cancer (1, 2). Sporadic
MTC accounts for 75% of cases; three familial syndromes, mul-
tiple endocrine neoplasia (MEN) type 2 syndrome (MEN 2A and
2B) and familial MTC, account for the remainder of cases (3).
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The majority of patients with sporadic MTC present with a
palpable thyroid nodule. Cervical lymph node metastases are
common at initial presentation; 10–22% of patients will dem-
onstrate distant metastases (1–4). Surgical intervention is the
mainstay of treatment. The optimal surgical management for
patients with clinical evidence of MTC is total thyroidectomy,
central lymph node dissection, with possible ipsilateral, or even
bilateral, modified radical neck lymphadenectomy. Recent stud-
ies have shown that overall survival is associated with patient
age, stage of disease, and extent of surgery (1, 2). The prognosis
for patients with MTC is worse than that for patients with dif-
ferentiated thyroid cancer due to early metastasis and the lack of
effective systemic therapy.

Multiple European studies have shown that the routine mea-
surement of serum calcitonin in patients with thyroid nodules is
effective in the detection of clinically occult MTC (5–11); Elisei
et al. (12) demonstrated that this was associated with an im-
provement in patient outcome. In 2006, the European Thyroid
Association and Cancer Research Network followed the lead of
individual European countries and developed a European con-
sensus report on the management of differentiated thyroid car-
cinoma, including the use of calcitonin screening in patients with
thyroid nodules. These guidelines recommended the use of cal-
citonin measurement in the initial diagnostic evaluation of thy-
roid nodules (13). In the United States, the American Thyroid
Association management guidelines for patients with thyroid
nodules could not “recommend either for or against the routine
measurement of serum calcitonin” due to unresolved issues of

sensitivity, specificity, assay performance, cost-effectiveness
(C/E), and lack of pentagastrin availability in the United States
(14). We present a formal C/E analysis of the addition of routine
serum calcitonin screening to current American Thyroid Asso-
ciation guidelines in the United States.

Materials and Methods

A decision tree model was constructed to determine the C/E of screening
for MTC in patients presenting with a thyroid nodule using current
American Thyroid Association guidelines with the addition of routine
serum calcitonin measurement (15). This was compared with current
American Thyroid Association guidelines (without routine calcitonin
measurement). The decision tree was created using Microsoft Excel (Mi-
crosoft, Redmond, WA) (Fig. 1).

A hypothetical population of adults presenting with a thyroid nodule
progressed through the model according to chance outcomes determined
by clinical probabilities, test specificity and sensitivity, and the natural
history of MTC. Infants and children younger than 18 yr were excluded
due to the increased incidence of inherited forms of MTC. Patients were
separated into two groups. All patients in both groups were evaluated
using current American Thyroid Association guidelines, which consist of
serum thyroid stimulating hormone measurement, a dedicated neck ul-
trasound, and if indicated, ultrasound-guided fine needle aspiration
and/or radionuclide thyroid scan using iodine-123 or technetium-99.
The first group was assigned to the no-calcitonin screening arm of the
decision model; its treatment algorithm was based on the results of its
thyroid stimulating hormone, ultrasound, and fine needle aspiration, if
performed. The second group underwent additional screening for MTC
with serum calcitonin measurement at initial evaluation. A positive test

FIG. 1. Decision tree for the evaluation of a thyroid nodule, comparing American Thyroid Association (ATA) guidelines with routine calcitonin screening
to American Thyroid Association guidelines alone. TP, True positive; FP, false positive; TN, true negative; FN, false negative.

2174 Cheung et al. Cost-Effectiveness of Calcitonin for Thyroid Nodules J Clin Endocrinol Metab, June 2008, 93(6):2173–2180



was defined as a basal serum calcitonin more than or equal to 50 pg/ml
(5, 7, 8, 10–12, 16–19, 23, 27–29).

Patients with positive calcitonin testing were evaluated for inherited
forms of MTC and staged for disease. The Surveillance Epidemiology
and End Results system was used for staging: 1) localized (tumor con-
fined entirely to the thyroid gland), 2) regional (extension of tumor be-
yond the thyroid into directly surrounding tissue or lymph nodes), and
3) distant (metastases to extracervical lymph nodes or organs) (15). Pa-
tients with MTC underwent appropriate surgical treatment based on
stage of disease at presentation; patients with distant metastases under-
went no medical treatment. Patients with false-positive tests were treated
like those with local disease; they incurred the same risk of surgical
complications and required lifelong thyroid hormone replacement, al-
though annual surveillance for recurrence was unnecessary. Patients
with negative tests underwent annual surveillance as recommended by
the current American Thyroid Association guidelines. Those assigned to
the calcitonin-screening branch received annual serum calcitonin mea-
surements in the base-case analysis. Patients with false-negative tests
were appropriately diagnosed and treated at the first follow-up. A pro-
portion of these patients experienced progression of disease to a more
advanced stage of MTC and, thereby, reduced life expectancy.

Estimates of the prevalence of thyroid nodules and of MTC were
based on a comprehensive literature review. Values used in the base-case
and sensitivity analyses are presented in Table 1 (5, 7, 8, 14, 16–29). The
sensitivity and specificity of fine needle aspiration used were 90% and

87%, respectively (27, 28). The sensitivity and specificity of calcitonin
screening were 75 and 98%, respectively (5, 7, 8, 10–12, 16–19). The
probability of a patient presenting at a particular stage of disease was
dependent on the screening technique used. For those patients who un-
derwent evaluation of their thyroid nodules based on American Thyroid
Association guidelines, 48% of patients presented with local disease,
35% with regional disease, and 17% with distant metastases (1, 2, 12).
When screening for MTC was a routine part of the evaluation of thyroid
nodules, 69% of patients presented with local disease, 30% with regional
disease, and 2% with distant metastases (12).

Complication rates of thyroidectomy were culled from the 2003 and
2004 Healthcare Cost and Utilization Project’s Nationwide Inpatient
Sample using SPSS (version 13; SPSS, Inc., Chicago, IL) (26). The Health-
care Cost and Utilization Project’s Nationwide Inpatient Sample is a
20% stratified sample of hospital discharges in the United States main-
tained by the Agency for Health Care Research and Quality. Patients 18
yrs or older who underwent total thyroidectomy as their primary pro-
cedure (International Classification of Diseases-9 codes: 6.4, 6.50, 6.51,
and 6.52) were selected. Complications were identified by International
Classification of Diseases-9 code and included hypocalcemia (25.21 and
27.541) and vocal cord injury (47.830 and 47.831).

Mean natural life expectancy was obtained from the 2000 U.S. census
data (30). The probability of survival at 10 yrs for patients with local,
regional, and distant MTC is 95.6%, 75.5%, and 40%, respectively (2).
Mean life expectancies were calculated using the mean age at presenta-

TABLE 1. Model estimates for base-case and sensitivity analyses

Description Base-case value (95% CI) P value Ref.

ATA guidelines ($) 315
30-min office consultation 68 1 14, 21
TSH assay 23 1 14, 21
Head and neck ultrasound 119 1 14, 21
Ultrasound-guided FNA 60 0.35 14, 21, 22
Cytopathology of FNA 137 0.35 14, 21
Thyroid uptake scan 74 0.5 14, 21, 23

Calcitonin testing ($) 37 (25–75)
Basal calcitonin assay 37 1 21
(Stimulated calcitonin) 224 0.01 11, 21

Management of MTC ($)
Initial managementa 594
Local MTC treatmentb 3,242
Regional MTC treatmentc 4,179
Distant MTC treatmentd 0 (0–30,000)

Complications ($)
Annual thyroid supplements 62 24
Annual calcium supplementse 450 (35–700) 0.01 25
Vocal cord injury management 1,104 0.01 17, 26

Base-case probabilities
Disease prevalence (%) 0.78 (0.28–1.28) 5, 7, 8, 10–12, 16–19, 27–29
FNA sensitivity (%) 90 (85–95) 27, 28
FNA specificity (%) 87 (82–92) 27, 28
Calcitonin sensitivity (%) 75 (70–80) 5, 7, 8, 10–12, 16–19
Calcitonin specificity (%) 98 (96–100) 5, 7, 8, 10–12, 16–19
Screening interval (months) 12 (6–24) 14
Duration of surveillance (yr) 10 (1–20)
10-yr overall survival rate (%) 79 (74–84) 2
Annual discount rate (%) 3 (5) 29

ATA, American Thyroid Association; CI, confidence interval; FNA, fine needle aspiration.
a Initial management of MTC includes pheochromocytoma screening with or without management, primary hyperparathyroidism screening with or without
management, and ret-genetic testing.
b Treatment of local MTC includes costs of total thyroidectomy with central lymphadenectomy, anesthesia, cytopathology, and management of complications.
c Treatment of regional MTC includes costs of total thyroidectomy with central lymphadenectomy and modified radical neck dissection, anesthesia, cytopathology, and
management of complications.
d Patients with distant MTC underwent no medical treatment.
e Upper limit includes calcium supplementation, calcitriol, and semi-annual serum calcium measurement.

J Clin Endocrinol Metab, June 2008, 93(6):2173–2180 jcem.endojournals.org 2175



tion and Kaplan-Meier survival curve data for each stage of disease (2,
31–33). A survival curve for each disease stage was calculated by super-
imposing the Kaplan-Meier survival data on the natural life expectancy,
such that they intersect at the mean age of presentation. Survival data
were extrapolated using a Gompertz function, a technique used to fit
survival data and describe changes in mortality over time (34). Mean life
expectancy for each disease stage is the integral of the resultant curve
(Fig. 2).

Estimates of costs were obtained from the 2007 Medicare Reim-
bursement Schedule (21). Annual costs of thyroid hormone replacement
and calcium supplementation were derived from the literature (20).
Costs of treatment included anesthesia, pathology, management of com-
plications, and patient surveillance. Future costs incurred were calcu-
lated using a discount rate of 3% (29). Total costs and years of expected
life were summed for each patient in both arms of the decision tree.
Alternative screening strategies were compared to yield an incremental
C/E [dollars per life years saved (LYS)]. C/E describes the amount of
money needed to gain/save 1 yr of life (LYS); LYS is a measure of im-
provement in health (number of years of live saved) as a result of a health
intervention. Lower values of C/E are understood to be “more cost-
effective” or “increased cost-effectiveness;” in contrast, “less cost-effec-
tive” and “decreased cost-effectiveness” refer to higher costs per LYS. A
C/E with a negative value (�) implies that money would be saved. C/E
is reported in 2007 U.S. dollars (USD). A 95% confidence interval was
calculated using a Monte Carlo simulation (15).

Univariate sensitivity analyses were performed to assess the effect of
changing the values assigned to the prevalence of MTC, fine needle as-
piration sensitivity and specificity, calcitonin sensitivity and specificity,
cost of the calcitonin assay, screening interval (6–24 months), number of
years of surveillance, 10-yr overall survival rate, and discount rate of
future costs (Table 1). Varying calcitonin test sensitivity and specificity
estimated the effect of using different thresholds for a positive basal
calcitonin level. C/E also was evaluated for sensitivity to patient age,
gender, and nodule size.

Results

In the base-case analysis, the C/E of adding serum calcitonin
screening to the current American Thyroid Association guide-
lines was $11,793 per LYS ($10,941–$12,646) in patients with
thyroid nodules. Patients with MTC would gain an average of
1.4 life years per person. Evaluation of a thyroid nodule using
current American Thyroid Association guidelines is $315 per
person; from a societal perspective, screening and management
of all patients with thyroid nodules in the United States (10.5

million people) would cost $25.1 billion. Screening for MTC
with serum calcitonin levels ($37 per person), along with sub-
sequent management, would add $1.4 billion (total cost, $26.5
billion) and result in 113,000 life years gained.

Sensitivity analyses demonstrated that the C/E of calcitonin
screening was highly dependent on MTC prevalence, specificity
of fine needle aspiration and serum calcitonin testing, cost of
calcitonin measurements, length of screening interval, and du-
ration of follow-up (Fig. 3). The addition of serum calcitonin
screening resulted in improved C/E with higher a prevalence of
MTC in this population. For example, when MTC prevalence
was increased to 1.28% from the base-case value of 0.78%, C/E
decreased to $7,369 per LYS. Conversely, a decrease in MTC
prevalence to 0.28% resulted in a C/E of $32,018 per LYS.

Calcitonin C/E was most sensitive to fine needle aspiration
and calcitonin specificity (Fig. 4). Each percent increase in fine
needle aspiration specificity from the base case of 87% yielded a
15% ($1,780 per LYS) reduction in C/E of calcitonin screening,
whereas each percent increase in calcitonin specificity (base case,
98%) resulted in a 11% ($1,288 per LYS) improvement. Using
fine needle aspiration specificities of 82 and 88% resulted in a
C/E of $3,088 and $14,201 per LYS, respectively. Calcitonin
specificities of 96 and 100% resulted in a C/E of $14,841 and
$8,746 per LYS, respectively.

The C/E of calcitonin screening was directly related to the cost
of calcitonin measurement, improving by $863 per LYS with
every $1 increase in calcitonin assay cost. C/E ranged from
$1,078–$44,251 per LYS when calcitonin measurement was as-
signed costs of $25 and $75, respectively.

The C/E of calcitonin screening was sensitive to patient age,
gender, and nodule size (Fig. 5). It was more cost effective to
screen men than women. Screening only men would result in a
C/E of $5,759 per LYS (women, $14,878 per LYS). Younger
patients were more cost effective to screen than older patients;
patients aged 18–40, 41–65, and older than 65 yrs had a C/E of
$3,055, $8,224, and $11,081 per LYS, respectively. Calcitonin
screening of large nodules was more cost effective than screening
smaller nodules. Calcitonin testing of patients with nodules sizes
less than 1 cm, and 1–1.9 cm, 2–2.9 cm, 3–3.9 cm, and more than
or equal to 4 cm resulted in a C/E of $34,263, $14,575, $4,220,
$950, and $829 per LYS, respectively.

American Thyroid Association guidelines recommend sur-

FIG. 2. Survival curves of different MTC stages.
aSurvival curve of local stage MTC was not distinguishable from survival
curve of normal life expectancy (LE).

FIG. 3. Summary of sensitivity analyses compared with base-case analysis.
Vertical line at zero represents the base case; horizontal bars to the right
represent reduced C/E, and horizontal bars to the left represent improved
C/E. FNA, Fine needle aspiration.
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veillance of thyroid nodules every 12–18 months (14); this in-
terval may be extended for nodules that remain stable in size and
appearance on serial imaging studies. Improved C/E of calcitonin
screening was observed when surveillance intervals were ex-
tended (Fig. 4). From the base case of 12-month intervals, C/E
improved to �$12,353 per LYS with 24-month screening inter-
vals. When patients were followed longer, the C/E of calcitonin
screening decreased as a result. In our model, follow-up was
allowed to range from 1–20 yrs (base case, 10 yrs). Patients who
underwent 1-yr follow-up had a C/E of �$30,453 per LYS,
whereas those who underwent 20-yr surveillance had a de-
creased C/E to $47,266 per LYS.

Sensitivity analyses demonstrated that certain variables had
little effect on our model. These included fine needle aspiration
and calcitonin measurement sensitivity, overall MTC survival,
the discount rate, and cost of treatment for patients with distant
stage MTC.

Calcitonin screening with a basal calcitonin threshold of 20
pg/ml (sensitivity 80%, specificity 96%) had a C/E of $14,684
per LYS ($13,999–$15,369) (5, 7, 8, 10–12, 16–19). Similarly,
a screening program that used pentagastrin stimulation (patients
underwent pentagastrin stimulation if basal calcitonin levels
were 20–100 pg/ml; sensitivity 80%, specificity 98%) had a C/E
of $12,784 per LYS ($11,883–$13,686).

Discussion

MTC constitutes 3–10% of all thyroid cancers. Overall survival
is related to patient age, disease stage, and extent of surgery.
MTC metastasizes early, and radiation/chemotherapy for locally
advanced and metastatic disease is ineffective (1, 2). Because
there has been no significant improvement in survival from MTC
in the United States over the last 30 yrs, early detection is essential
(2). Although the European Thyroid Association and Cancer
Research Network recommended the use of serum calcitonin
screening for detection of clinically occult MTC in patients with
thyroid nodules, the American Thyroid Association has not rec-
ommended routine screening, citing controversy regarding sen-
sitivity, specificity, assay performance, and C/E (13, 14).

Our study demonstrates that the addition of calcitonin
screening to current American Thyroid Association guidelines
for the evaluation of thyroid nodules would cost $11,793 per
LYS ($10,941–$12,646); when extrapolated to the national
level, calcitonin screening for MTC would yield an additional
113,000 life years at a cost increase of 5.3%. The C/E of screen-
ing programs for breast and colon cancer range from $3,400–
$28,700 to $10,000–$25,000 per LYS, respectively (33, 35, 36).
Screening for mild hypothyroidism using serum thyroid stimu-
lating hormone measurement has a C/E of $9,223–$20,000 per
LYS (24). Calcitonin screening in our model is sensitive to patient
age, gender, and changes in disease prevalence, specificity of fine
needle aspiration and calcitonin screening, serum calcitonin
screening level, test costs, and length of follow-up.

Serum calcitonin is a specific and sensitive marker for MTC
(3). The use of serum calcitonin testing for MTC was evaluated
by Pacini et al. (5) in 1,385 consecutive patients who presented
with thyroid nodules. All patients were evaluated using serum
calcitonin measurements and fine needle aspiration cytology.
Eight patients had elevated basal serum calcitonin levels; all had
MTC on final surgical pathology. Fine needle aspiration was
suggestive of MTC in only two patients. The authors concluded
that serum calcitonin measurement was superior to fine needle
aspiration for diagnosing MTC, and recommended serum cal-
citonin measurement routinely for evaluating thyroid nodules
(5).

ThishasbeencorroboratedbyotherEuropean studies (5–12).
Rieu et al. (6) studied 657 patients with and without thyroid
nodules. A total of 40 control subjects and all patients without
nodules had normal calcitonin levels. Only one of four patients
with nodules and elevated calcitonin levels had a fine needle
aspiration suggestive of MTC; all four patients had MTC on final
pathology. A normal serum calcitonin level precluded the diag-
nosis of MTC (6).

Vierhapper et al. (8) prospectively studied 1062 patients with
thyroid nodules. Basal calcitonin levels were elevated in 55 pa-
tients; a pentagastrin stimulation test was performed for levels
more than 6 pg/ml. Surgery was recommended for 14 patients
with basal and/or stimulated calcitonin levels more than 100
pg/ml. One patient refused surgery, and another, with a basal
calcitonin less than 10 pg/ml and marginally elevated stimulated
calcitonin level, was histologically negative for MTC. Of the
remaining 12 patients, six had C-cell hyperplasia, and six had

FIG. 5. Sensitivity of C/E, based on patient gender, age, nodule size, and
surveillance interval. Dashed line represents base-case analysis. Horizontal
bars to the right represent reduced C/E, and horizontal bars to the left
represent improved C/E. Negative values represent cost savings.

FIG. 4. Impact on C/E of a 1% increase in sensitivity analysis variables
compared with base-case analysis. Vertical line at zero represents the
base case; horizontal bars to the right represent reduced C/E, and
horizontal bars to the left represent improved C/E. FNA, Fine needle
aspiration.
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MTC, including one patient with a transition of C-cell hyper-
plasia to MTC. The authors concluded that stimulation tests
should be performed for a basal calcitonin more than 10 pg/ml,
and recommended surgery for patients with basal and/or stim-
ulated calcitonin concentrations of more than 100 pg/ml (8). In
a study of 14,000 patients, Vierhapper et al. (10) studied 507
patients who had thyroid nodules and elevated basal calcitonin
levels of more than 10 pg/ml. After pentagastrin stimulation,
calcitonin levels more than 100 pg/ml were found in 103 patients,
including 32 patients with MTC and 43 patients with C-cell
hyperplasia. With calcitonin screening, the incidence of MTC
increased from 1.1–3.2 cases per 1,000 patients (10).

Elisei et al. (12) compared a group of 10,864 patients with
thyroid nodules who underwent calcitonin screening to a his-
torical group of 45 patients with MTC diagnosed before the
introduction of calcitonin screening. In the screening group, 47
patients had elevated basal calcitonin levels; one patient refused
surgery, and two patients were excluded because the elevated
calcitonin level was attributed to chronic renal disease. The re-
maining 44 patients underwent pentagastrin stimulation and to-
tal thyroidectomy with central neck dissection; all had MTC.
When compared with the historical group, the group with MTC
detected on screening had an earlier stage of disease at diagnosis
(P � 0.004), increased frequency of normalization of calcitonin
postoperatively (66 vs. 3%, respectively; P � 0.0001), a higher
rate of complete remission at last follow-up (59 vs. 3%, respec-
tively; P � 0.0001), and a higher 10-yr survival rate (87 vs. 44%,
respectively; P � 0.0005) (12).

In a study of 5817 patients with thyroid nodules, Costante et
al. (11) identified 15 cases of MTC and seven cases of C-cell
hyperplasia; all MTC was diagnosed in patients with basal cal-
citonin levels more than 100 pg/ml. The positive predictive value
for an elevated preoperative calcitonin level was: 23.1% (�20
pg/ml), 100% (�100 pg/ml), 25% (50–100 pg/ml), and 8.3%
(20–50 pg/ml). The overall predictive value for pentagastrin
stimulation was 40%. The study confirmed that calcitonin
screening was a sensitive tool for detecting MTC in patients with
thyroid nodules but emphasized the need for confirmatory stim-
ulation testing in most cases (11).

Based on these data, German evidence-based consensus rec-
ommendations were published in 2004, including: 1) serum cal-
citonin measurement in all patients with thyroid nodules using a
two-site immunoassay; 2) pentagastrin stimulation for basal cal-
citonin more than 10 pg/ml; and 3) thyroidectomy and lymph-
adenectomy for stimulated calcitonin levels more than 100 pg/ml
in patients with a more than 50% risk of MTC, and for all
patients with stimulated calcitonin levels more than 200 pg/ml
(16). In 2006, the European Thyroid Association and Cancer
Research Network published consensus guidelines for the man-
agement of patients with differentiated thyroid cancer based on
evidence showing that the use of serum calcitonin measurement:
1) allows for detection of MTC in one in 200–300 thyroid nod-
ules; 2) is associated with improved sensitivity compared with
fine needle aspiration; and 3) leads to improved patient out-
comes, serum calcitonin measurement was recommended as a
routine part of the diagnostic evaluation of thyroid nodules (13).

There is disagreement about what calcitonin level should be

used to define a positive test for MTC. Pentagastrin for calcitonin
stimulation is not readily available in the United States, and the
use of calcium infusion as an alternative has not been adequately
investigated (11). As a result, U.S. physicians have been reluctant
to incorporate routine calcitonin screening in their practices (37).
A basal calcitonin level more than or equal to 50 pg/ml was used
in this analysis; a lower threshold may detect more subclinical
microscopical MTC at the cost of a higher false-positive rate. For
patients with calcitonin levels between 20 and 50 pg/ml, fol-
low-up with serial basal calcitonin measurement could be used.
The natural history of subclinical microscopical MTC is un-
known. Although it can be indolent, MTC is a poorly differen-
tiated cancer with a proclivity for metastasis. Therefore, early
detection to facilitate early surgery is essential.

Calcitonin screening is also imperfect in the setting of Hashi-
moto’s thyroiditis. In a study of 414 patients, Karanikas et al. (9)
found that elevated basal calcitonin levels were more frequent
among patients with Hashimoto’s thyroiditis (25 vs. 13.3%; P �

0.05).
Borget et al. (38) constructed a cost per life year-saved anal-

ysis for a calcitonin-screening program. In a population of
74,000 patients with incidental thyroid nodules, the authors es-
timated that C-cell hyperplasia and/or MTC would be detected
in 280 of the 3,587 thyroidectomies performed. Routine screen-
ing, based on a unit cost of €24 ($36 USDs), would cost €1.8
million ($2.7 million USD); total cost of screening, including cost
of thyroidectomy and estimated sick leave, was €21.3 million
($32.3 million USD). The base-case incremental C/E was esti-
mated to be €35,000 ($53,000 USDs); in sensitivity analyses, the
most cost-effective strategy was to perform surgery in patients
with a calcitonin level more than 50 pg/ml (C/E: €6,000; $9,000
USD). Routine screening would yield an additional 2.2 life years
per patient who screened positive. The authors concluded that
routine calcitonin screening is highly favorable when compared
with several other accepted health interventions (38). Our find-
ings are in line with those of Borget et al. (38): routine serum
calcitonin screening in patients undergoing evaluation for thy-
roid nodules appears to be cost effective.

Thyroid nodules more than or equal to 4 cm have lower fine
needle aspiration accuracy, implying a potential increase in sam-
pling error. McCoy et al. (39) studied 223 patients with thyroid
nodules more than or equal to 4 cm; preoperative fine needle
aspiration failed to identify 24 (34%) follicular lesions, including
eight cancers. Sensitivity and specificity of ultrasound and fine
needle aspiration vary because both modalities can be operator
dependent (40, 41). Our sensitivity analyses demonstrate that
calcitonin screening is particularly cost effective when fine needle
aspiration specificity is low and when thyroid nodules are large.
Therefore, the C/E of calcitonin screening for patients with large
nodules is likely to be underestimated in our analyses because we
do not account for a corresponding decrease in the accuracy of
fine needle aspiration.

Limitations of our study include those inherent to any cost-
effective analysis. The analysis involves a hypothetical group of
patients and circumstances; the accuracy of our estimates is de-
pendent on the quality of the data available in the literature. We
sought to account for this by performing sensitivity analyses at
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vulnerable points in our model and found that our overall con-
clusions regarding the C/E of calcitonin screening among pa-
tients with thyroid nodules were robust. Health outcomes were
measured in life years saved without consideration given to qual-
ity of life based on patient utilities.

In the current American Thyroid Association management
guidelines, the lack of C/E analysis was cited as one reason for
the Taskforce’s inability to recommend for or against routine
calcitonin screening for patients with thyroid nodules (14).
Our sensitivity analyses demonstrate that routine calcitonin
screening would be cost effective for the population as a
whole.

This is the first effort to measure the C/E of calcitonin
screening in the United States. With the proliferation of prac-
tice guidelines intended to standardize quality and cost of
care, evidence such as this is essential. We chose to use this
methodology because performing a prospective trial would be
prohibitively difficult, even at the multi-institutional level,
given the relative rarity of MTC, its indolent course, and the
idiosyncrasies of the U.S. health care system. We conclude that
routine calcitonin screening in the evaluation of patients with
thyroid nodules in the United States could be performed with
C/E comparable to other widely accepted screening programs.
Calcitonin screening appears to be more cost effective in
young men with larger thyroid nodules. Therefore, consider-
ation could be given to focusing screening among subgroups
of patients.
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