
Introduction
Pancreatic cysts are often detected during routine clinical ex-
amination, and their detection is increasing with more frequent
use of cross-sectional imaging, e. g. during magnetic resonance
imaging (MRI) procedures and computerized tomography (CT)
scans [1, 2]. Despite the recent advances in MRI procedures,
differentiating the various types of cystic lesions is not always
possible using this technique as there is both an overlap in mor-
phological characteristics, making it difficult to predict malig-
nancy, and poor inter-observer agreement with regard to the
individual characteristics of pancreatic cysts [3]. While early de-
tection of premalignant lesions is necessary to prevent the de-

velopment of malignancy, many of these cysts are benign pseu-
docysts (PCs) and serous cystadenomas (SCAs) that do not re-
quire any treatment or follow-up.

In some cases, the clinical diagnosis can be highly suggestive
(i. e. cysts that communicate with the pancreatic duct, sugges-
tive of intraductal papillary mucinous neoplasms [IPMNs] or
cysts combined with chronic calcified pancreatitis [CCP], sug-
gestive of PCs). However, for an isolated, non-communicating
cyst without CCP, the diagnosis can remain unclear after ima-
ging procedures such as MRI and CT scans, and endoscopic ul-
trasound-guided fine-needle aspiration (EUS-FNA) is often con-
sidered.
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ABSTRACT

Background and study aims The low sensitivity of endo-

scopic ultrasound-guided fine-needle aspiration (EUS-FNA),

especially for the diagnosis of serous cystadenomas (SCAs),

can be associated with diagnostic uncertainty that can reg-

ularly lead to unnecessary surgical procedures. Needle-

based confocal laser endomicroscopy (nCLE) used with

EUS-FNA improves diagnostic accuracy, helping to reduce

unnecessary surgery and patient follow-up. This study was

conducted to evaluate the economic benefit of EUS-FNA+

nCLE.

Patients and methods Probabilities used were derived

from two studies representative of the two diagnostic strat-

egies: a retrospective analysis of patients diagnosed by

EUS-FNA alone and a prospective study of patients diag-

nosed by EUS-FNA+nCLE. Costs were based on French

healthcare system rates; both private and public sector

rates were included. A decision tree structure model used

these probabilities and costs for two hypothetical cohorts

of 1000 patients.

Results EUS-FNA+nCLE resulted in a reduction of 23% in

the total rate of surgical intervention, which translated to

a reduction in clinical costs of 13% (public sector) and 14%

(private sector). Additionally, the reduced rate of surgery

would save the lives of 4 in 1000 patients. A stochastic sen-

sitivity analysis using 100 simulations showed that in all

cases the number of interventions was less for EUS-FNA+

nCLE than for EUS-FNA. There was also a reduction in the in-

cidence of false negatives using EUS-FNA+nCLE.

Conclusions EUS-FNA+nCLE results in significant eco-

nomic benefits by reducing the incidence of misdiagnosis

through improved diagnostic accuracy.
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The EUS-FNA procedure, however, may not provide a defini-
tive diagnosis due to the low sensitivity of cytology, especially
for SCAs. Additional biochemical tests are used, such as carci-
noembryonic antigen (CEA) and amylase dosage, but their spe-
cificity is too low to allow definite conclusions to be reached
with regard to the nature of the cyst [4]. Moreover, cystic fluid
CEA levels show considerable fluctuations over time in patients
undergoing three or more EUS-FNAs [5]. Such diagnostic un-
certainty in SCA-positive (SCA+) patients can result in unneces-
sary surgical intervention and regular, long-term surveillance,
which creates an economic burden to healthcare resources as
well as causing unnecessary physical and psychological trauma
to the patient.

Needle-based confocal laser endomicroscopy (nCLE) used in
conjunction with EUS-FNA (EUS-FNA+nCLE) has recently been
evaluated for the diagnosis of pancreatic cystic neoplasms [6,
7] and has shown excellent feasibility and safety, enabling a
more confident diagnosis of SCA thanks to the visualization of
a very specific pattern: the superficial vascular network [6].
This improvement in diagnostic accuracy, as well as the capaci-
ty to discriminate cysts that have the potential to become ma-
lignant (termed “suspect”) from those that are benign, helps to
reduce both unnecessary surgical intervention and long-term
follow-up surveillance.

Currently there is no cost-effectiveness analysis of investiga-
tional tools to diagnose and follow up the progression of neo-
plastic cysts [8]. The aim of this study was therefore to evaluate
the health economic benefit of the diagnosis of SCA with EUS-
FNA combined with nCLE rather than EUS-FNA alone, in the di-
agnosis and management of patients harboring an SCA, in
terms of the overall cost of procedures and hospital stays as
well as other associated healthcare costs.

Materials and methods
Patients and surgical interventions

We compared two hypothetical and identical cohorts of 1000
patients, each patient harboring an undetermined pancreatic
cyst of at least 2 cm in diameter, without Wirsung duct commu-
nication and without CCP. The latter two criteria would be con-
firmed on cross-sectional imaging or during EUS imaging. The
first cohort was referred for EUS-FNA (alone) and the second
for EUS-FNA+nCLE. They were deemed to be statistically iden-
tical in terms of the prevalence of cyst type, comparable to pa-
tients randomly assigned to a diagnostic procedure. The diag-
nostic performances and probabilities used in this analysis
were derived primarily from a retrospective analysis of 2622 pa-
tients who were diagnosed with an SCA lesion between 1990
and 2014 in 23 countries and 71 centers [9], and secondarily
from a prospective three-center study conducted in France [6].
The hypotheses for which no evidence is cited were based on
theoretical considerations and expert opinion. ▶Table1 sum-
marizes the assumptions.

Hypothesis for the a priori probability of being SCA+

The a priori probability of a pancreatic cyst being SCA+ consti-
tuted the basis of our model. A previous study [6, 7] enrolled

patients with the criteria described above, and so was consid-
ered to be representative of the percentage of SCA lesions in
our targeted population. This a priori prevalence was 43%,
which is in agreement with the estimations of Brugge et al.
[10], who reported that, among non-communicating cystic
neoplasms of the pancreas, SCAs (32–39%), mucinous cystic
neoplasms (10–45%), and IPMNs (21–33%) represent the ma-
jority of cases encountered in routine clinical practice.

Hypotheses for diagnostic performance

The marker performance for SCA diagnosis is limited [4] and cy-
tology alone has been taken into account for the assessment of
EUS-FNA. While cytology has high specificity, it exhibits low
sensitivity, especially for the diagnosis of SCA [11–16]. The su-
perficial vascular network that is observed using nCLE has been
shown to have a higher sensitivity (69%) and a specificity of
100% for the characterization of SCA [6]. A summary of these
hypotheses for diagnostic performance of EUS-FNA (cytology)
and EUS-FNA+nCLE (using the superficial vascular network) is
presented in ▶Table1.

Hypotheses for surgical intervention rules

The exceptional risk of malignancy is not considered to be a rea-
son for systematic surgery. Resection is performed worldwide
due to symptoms or diagnostic uncertainty (inability to distin-
guish a serous cystic neoplasm from a mucinous lesion). De-
pending on cultural trends (e. g. surgical vs medical centers),
some centers also select patients for surgery based on tumor
size and growth rate [9, 17].

The rules for surgical intervention in SCA+ patients were
based on data from the European Study Group on Cystic Tu-
mors of the Pancreas [9]. Of the 2622 patients included, 1032
patients (39%) had no surgical intervention. Of the remaining
1590 patients (61%), most (1367 patients [86%]) underwent

▶ Table 1 Assumptions: a priori probability of being SCA+, diagnostic
performance, and surgical intervention for EUS-FNA and EUS-FNA+
nCLE.

Diagnostic procedure

EUS-FNA EUS-FNA+nCLE

A priori probability of being SCA+, % 43

Diagnostic performance

▪ Sensitivity of test (SCA+), % 201 692

▪ Specificity of test (SCA+), % 901 1002

Surgical intervention

▪ Tested population (SCA+), % 473 103

▪ Tested population (SCA–), % 504 504

1 From cytology (Belsley et al. [11], Le Borgne et al. [12], Maker et al. [13],
Müssle et al. [14], Thornton et al. [15], Thosani et al. [16]).

2 From superficial vascular network using nCLE (Napoléon et al. [6]).
3 Calculated from Jais et al. [9].
4 Based on Jais et al. [9] in which the resection rate of any type of pancreatic
cyst lesion ranged from 54% to 94% during the period 2010 to 2014.
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surgery in the first year after diagnosis. Of the 1590 patients
who had a surgical intervention, 954 patients (60%) underwent
surgery due to diagnostic uncertainty, 366 patients (23%) due
to the presence of symptoms, 190 patients (12%) due to the
size of the tumor or its growth, and 80 patients (5%) due to
compression of an adjacent organ by the tumor.

For the model included in this study, therefore, the propor-
tion of patients SCA+ with surgery for a reason other than the
presence of symptoms was 47% ([1590–366]/2622 patients)
and this was reduced to 10% if those with surgery due to diag-
nostic uncertainty were also excluded ([1590–366–954]/
2622) as would be the case using EUS-FNA+nCLE rather than
EUS-FNA alone. The surgery in the 10% of patients diagnosed
with SCA+ using EUS-FNA+nCLE is mainly due to clinical rea-
sons other than the tumor itself, e. g. compression of the bile
duct or splenic vessels.

As described by Fernandez-del Castillo et al. [18], the preval-
ence of pseudocysts was rare in a cohort of patients with unde-
termined pancreatic cysts without Wirsung duct communica-
tion, without CCP, and referred for EUS-FNA. As such, the SCA-
negative (SCA–) cohort would essentially be composed of pa-
tients with mucinous lesions (mucinous cystic neoplasms
[MCN] and IPMN), with the incidence of MCN likely to be higher
than IPMN since the cysts do not communicate. It is reasonable
to consider that 50% of this SCA– cohort would be referred for
surgery and 50% would undergo surveillance (this was the ratio
in a previous study [6] in which 9/20 patients were referred for
surgery). Therefore, the proportion for surgical intervention in
SCA– patients based on experts’ experience was set at 50%.

Procedures for surgical intervention

Duodenopancreatectomy (Whipple’s surgery) (DP) or left pan-
createctomy (LP) are offered to patients requiring a surgical in-
tervention based on the rules described above. According to
the French Technical Agency for Information on Hospitalization
database (Agence Technique de l’Information sur l’Hospitalisa-
tion [ATIH]) [19], 80% of surgical interventions occur in the
public sector and 20% in the private sector. The relative propor-
tions of DP and LP are 80/20 in the public sector and 50/50 in
the private sector. Of these, LP is a more straightforward proce-
dure than DP as less pancreatic tissue is resected and there is no
reconstructive component. As such, DP is undertaken mostly in
the public sector.

A recent systematic review of outcomes of all pancreatic sur-
geries showed lower immediate postoperative mortality as well
as long-term mortality for patients who undergo surgery in
high-volume pancreatic centers (predominantly from centers
of excellence) [6, 20]. Thus, assuming a mortality rate of 4%
for DP and 1.8% for LP, a global surgical mortality rate of 3.4%
was calculated (▶Table2).

Influence of test performance

A stochastic analysis (Monte Carlo-type simulation) was per-
formed to compare the influence of sensitivity and specificity
of the two diagnostic methods, EUS-FNA+nCLE and EUS-FNA
alone, on the final number of surgical interventions. The point
estimates used in the model for EUS-FNA (0.20 for sensitivity
and 0.90 for specificity) and EUS-FNA+nCLE (0.69 for sensitiv-
ity and 1.00 for specificity) were replaced by the uniform distri-
bution intervals (0.10–0.30 and 0.80–1.00 for EUS-FNA and
0.60–0.80 and 0.80–1.00 for EUS-FNA+nCLE, for sensitivity
and specificity, respectively) (▶Table3) [6, 15, 16].

▶ Table 2 Medical results using model for a hypothetical cohort of 1000 patients.

EUS-FNA (n=10001) EUS-FNA+nCLE (n =10001)

Number of patients with surgery 495 (49.5%) 381 (38%)

▪ Among the “true SCA+” 212 (43%) 96 (25%)

▪ Among the “true SCA–” 283 (57%) 285 (75%)

Number of patients without surgery 505 (49.5%) 619 (62%)

▪ Among the “true SCA+” 218 (43%) 334 (54%)

▪ Among the “true SCA–” 287 (57%) 285 (46%)

Surgical mortality 17 (3.4%) 13 (3.4%)

Data are number of patients (percentage of patients).
1 Hypothetical population of 1000 patients.

▶ Table 3 Thresholds for sensitivity and specificity used for the stochastic analysis of sensitivity.

EUS-FNA EUS-FNA+nCLE

Point estimate Distribution interval Point estimate Distribution interval

Sensitivity 0.2 0.10 –0.30 0.69 0.60 –0.80

Specificity 0.9 0.80 –1.00 1.00 0.80 –1.00
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Analysis model

A decision tree structure, adapted for probability analyses and
diagnostic tests, was used. The same structure was used for the
two groups (EUS-FNA+nCLE and EUS-FNA alone), and differed
only in the probabilities used. The model consists of three
main steps – these are described below and presented in

▶Fig. 1:
I. In the first step, asymptomatic patients diagnosed with a

pancreatic cyst during routine examination are referred for
a second examination to establish the type of lesion: these
patients have a chance of presenting with a serous (benign:

SCA+) lesion a priori, i. e. pre-test. The second diagnostic
examination can be either EUS-FNA or EUS-FNA+nCLE, and
identifies the lesion as either serous (benign: SCA+) or non-
serous (suspect: SCA–). These a posteriori, or post-test,
probabilities corresponding to SCA+ and SCA– are defined
as p(T+) and p(T–), respectively.

II. In the second step, based on p(T+) and p(T–), a decision is
then taken with regard to surgical intervention, marked as
S(T+) and S(T–) for surgical intervention in SCA+ and SCA–
patients, respectively. Most non-serous (suspect: SCA–) le-
sions lead to surgical intervention irrespective of the method

N1
[40 ; 30]

N2
[27 ; 0]

N3
[46 ; 267]

N4
[30 ; 0]

N5
[172 ; 67]

N6
[257 ; 285]

N7
[172 ; 67]

N8
[257 ; 285]

SCA+
P(SCA+|T+)

[0.040 ; 0.030]

SCA-
P(SCA-|T+)
[0.027 ; 0]

SCA+
P(SCA+|T+)

[0.046 ; 0.267]

SCA-
P(SCA-|T+)
[0.030 ; 0]

SCA+
P(SCA+|T-)

[0.172 ; 0.067]

 SCA-
P(SCA-|T-)

[0.257;  0.285]

 SCA+
P(SCA+|T-)

[0.172 ; 0.067]

Surgery
S(T+)

[0.067 ; 0.030]

Surveillance
1-S(T+)

[0.076 ; 0.276]

Surgery
S(T-)

[0.429 ; 0.352]

Surveillance
1-S(T-)

[0.429 ; 0.352]

Test SCA +
P(T+)

[0.143 ; 0.297]

Asymptomatic  
population with 

suspected 
pancreatic cysts

Test SCA -
P(T-)

[0.857 ; 0.703]

 SCA-
P(SCA-|T-)

[0.257 ; 0.285]

▶ Fig. 1 Structure of model.
(Note: the same model is used for EUS-FNA and EUS-FNA+nCLE; the only differences are the probability values. Values indicated in brackets
are the probability values for EUS-FNA and EUS-FNA+nCLE displayed as the following [EUS-FNA; EUS-FNA+nCLE].)
Total number of surgical interventions: N1+N2+N5+N6.
Number of surgical interventions in patients tested SCA+: N1+N2.
Number of surgical interventions in patients “true” SCA+: N1.
Number of surgical interventions in patients tested SCA–: N5+N6.
Number of surgical interventions in patients “true” SCA–: N6.
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of diagnosis, with the rate fixed at 50% since some patients
are inoperable. For serous (benign: SCA+) lesions, the sur-
gical intervention rate depends on the method of diagnosis:
for EUS-FNA 47% of patients undergo surgery, whereas for
EUS-FNA+nCLE surgery is required in only 10% of patients
(as described above and in ▶Table1).

III. In the third step, the proportion of patients – among those
who underwent surgery in the second step – who had a
confirmed serous lesion (SCA+), and so would not have un-
dergone surgery in an ideal diagnostic situation, is deter-
mined using Bayesian probability.

The second step uses probabilities of surgical intervention
based on the result of the diagnostic test, whereas the third
step uses the probability of being SCA+ based on having under-
gone surgery. Paired Student’s t test was used to compare the
number of surgical interventions of the two models, with P<
0.05 considered to be significant.

Economic hypotheses: cost of diagnostic
procedures and surgical interventions

Costs were estimated from the public payer’s perspective,
using official French rates in 2014, with no extra fees being
paid by the patients.

For EUS-FNA, the cost was 274.87€ for the procedure plus
62.68€ for anesthesia, i. e. a total cost of 337.55€. As the EUS-
FNA+nCLE medical device and/or procedure does not exist in
the current nomenclature, the cost of nCLE was estimated at
600€ per patient (cost estimate provided by Mauna Kea Tech-
nologies), so the total cost of EUS-FNA+nCLE was estimated at
937.55€ (▶Table4).

The costs of surgery were 1021.74€ for DP plus 584.75€ for
anesthesia, and 540.05€ for LP plus 355.28€ for anesthesia, i.e.
total costs of 1606.49€ for DP and 895.33€ for LP.

Additional costs result from the hospital stay associated with
a surgical intervention. Hospital stays are funded based on the
GHS rate (Groupe Homogène de Séjours), which allows the stay
to be allocated to a diagnostic related group (Groupe Homo-
gène de Malades [GHM]). In France, these costs are classified
separately for benign and malignant tumors with four levels
for each class, dependent on the degree of complications.
These costs are presented in ▶Table5.

For public hospitals, the GHS rate is global and includes all of
the charges associated with a patient’s stay. For private hospi-
tals and clinics, medical fees are billed in addition to the GHS
rates based on the Joint Classification of Medical Procedures
(Classification Commune des Actes Médicaux [CCAM]) nomen-
clature and rates, meaning that additional fees are added for
the surgeon and anesthesiologist (1461.86€ and 1249.41€ for
malignant and benign tumors, respectively).

Results
Analysis of cost impact on patient management

The interventions and status (true SCA+ and true SCA–) of a hy-
pothetical cohort of 1000 patients based on the assumptions
previously described for the model used are presented in ▶Ta-
ble2.

The addition of nCLE to EUS-FNA allows a 23% reduction of
surgical interventions for all patients (495 patients for EUS-
FNA and 381 for EUS-FNA+nCLE), and a 55% reduction for pa-
tients with benign tumors (the “true” SCA+ patients) (212 pa-
tients for EUS-FNA and 96 for EUS-FNA+nCLE) (▶Table2). This
reduction in surgical intervention results in a decrease in the

▶ Table 4 Total cost of diagnostic procedure and surgical intervention based on public and private sector rates for a hypothetical cohort of 1000 pa-
tients.

EUS-FNA EUS-FNA+nCLE

n Unit cost (€) Total cost (€) n Unit cost1 (€) Total cost1 (€)

Public sector

▪ Diagnostic procedure 1000 337.55 337550.00 1000 937.55 937550.00

▪ Surgery in patients SCA+ 212 14292.11 3029927.32 96 14292.11 1372042.56

▪ Surgery in patients SCA– 283 16761.61 4743535.63 285 16761.61 4777058.85

Total – – 8111012.95 – – 7086651.41

Private sector

▪ Diagnostic procedure 1000 337.55 337550.00 1000 937.55 937550.00

▪ Surgery in patients SCA+ 212 10344.35 2193002.20 96 10344.35 993057.60

▪ Surgery in patients SCA– 283 6290.34 1780166.22 285 6290.34 1792746.90

Total – – 4310718.42 – – 3723354.50

Data are based on two hypothetical populations of 1000 patients. n=number of patients.
Note: lower overall cost for surgical intervention in the private sector due to reduced hospital stay.
1 The cost of nCLE is estimated at 600€.
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overall cost of pancreatic cyst management, which exceeds the
extra cost of the diagnostic technique, resulting in an economic
benefit for both public and private sectors (▶Table4). Overall,
the use of EUS-FNA+nCLE results in a reduction of 13% (public
sector) and 14% (private sector) in diagnostic and patient man-
agement costs (not including subsequent surveillance and
treatment costs).

Deterministic sensitivity analysis
Influence of the a priori (pre-test) probability of presenting
serous (benign: SCA+) cysts

This estimation is necessary for the calculation of the probabil-
ity of “true” SCA+ patients who underwent surgery. The num-
ber of surgical interventions was calculated as a function of
the a priori (pre-test) probability of a patient harboring a SCA.
As described earlier, we used an a priori probability of 43% of a
pancreatic cyst being SCA+, but it is important to evaluate the
impact of this hypothesis on the results of the model and the
final number of surgical interventions. A deterministic sensitiv-
ity analysis was therefore conducted on the [0.30–0.50] inter-
val. Because of the lower specificity and the weak difference in
surgery rates, the results in the EUS-FNA branch are not very
sensitive to the variation of this parameter. However, this is no
longer the case when nCLE is added. The number of surgical in-
terventions using EUS-FNA+nCLE is inversely correlated to the
a priori probability but remains inferior to that using EUS-FNA
alone over the whole interval (see ▶Fig. 2).

Influence of the rules for surgical intervention using
EUS-FNA+nCLE

As described earlier, the calculation has been performed based
on the hypotheses of 47% (EUS-FNA group) and 10% (EUS-FNA
+nCLE group) of SCA+ patients being sent for surgery. There-
fore, as the rate of detection of operated SCA+ patients using
EUS-FNA+nCLE approaches that of using EUS-FNA alone, it is
expected that the number of surgical interventions will con-
verge. However, when considering a realistic rate of operated

▶ Table 5 Average hospital stay costs in France for DP and LP for benign and malignant tumors.

Public sector Private sector

Tumor type Level1 Cost Days2 Cost Days2

Malignant 1 9613.24€ 125 4125.08€ 62

2 12 762.69€ 397 6347.99€ 146

3 16 321.80€ 650 8341.35€ 248

4 22 674.00€ 468 14711.72€ 137

Mean 16 761.61€ 8881.49€

Benign 1 6672.94€ 35 2493.56€ 3

2 9903.37€ 74 3931.15€ 20

3 14 240.99€ 66 5013.99€ 23

4 29 162.42€ 40 8848.50€ 8

Mean 14 292.11€ 5040.99€

DP, duodenopancreatectomy; LP, left pancreatectomy.
Note: These costs are derived from the French National Costs Scale based on information from a sample of public and private hospitals that annually report their
analytical costs for each diagnostic related group (GHM, French equivalent of the DRG). The costs are computed at patient discharge and may vary according to the
level of complications. The table shows costs for DRGs 07C091 to 07C094 for malignant tumors (i. e. liver, pancreas, portal vein or vena cava interventions for ma-
lignant tumors of Grade 1 to 4) and 07C101 to 07C104 for benign tumors (i. e. liver, pancreas, portal vein or vena cava interventions for benign tumors of Grade 1 to
4). Fees are determined according to a national rate, apart from a large proportion of practitioners who are allowed to bill extra fees, generally covered by patients’
private health insurance on top of the mandatory public health insurance. In the final results for the private sector, fees from the national rate are therefore added to
the cost of the stay.
1 Based on increasing level of complications from surgery.
2 Days hospitalized due to DP or LP surgery.
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▶ Fig. 2 Deterministic sensitivity analysis for the a priori probability
of being SCA+.
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patients after diagnosis by EUS-FNA+nCLE, the number of sur-
gical interventions remains significantly lower than that follow-
ing diagnosis using EUS-FNA alone (P=0.02).

Influence of the cost of EUS-FNA+nCLE

As described earlier, the cost of nCLE is estimated at 600€
(cost estimate provided by Mauna Kea Technologies). Since
this is an estimation, calculations were also performed using
a cost range between 300€ and 900€: the overall benefit was
maintained even using the higher cost estimate of 900€ (total
cost using EUS-FNA+nCLE of 7 387000€ and 4023000€ based
on public and private sector rates compared to, respectively,
8111012.95€ and 4310718.42€ for EUS-FNA alone [see ▶Ta-
ble4]). This represents a cost reduction of approximately 9%
and 7% for the public and private sectors, respectively, even
using the higher cost estimate of 900€ for nCLE.

Stochastic sensitivity analysis: performance of tests

A total of 100 simulations were performed, each one using dif-
ferent sensitivity and specificity values taken randomly from
the ranges described above (▶Fig. 3). In each case, the number
of interventions was less for EUS-FNA+nCLE than for EUS-FNA
alone, and the highest number of interventions for EUS-FNA+
nCLE (395) was less than the lowest number of interventions
for EUS-FNA alone (493). The distribution of the number of in-
terventions for EUS-FNA+nCLE had a mean value significantly
lower than that for EUS-FNA alone (P<0.00001) for the 100 si-
mulations.

Discussion
The limited diagnostic performance of EUS-FNA alone for pan-
creatic cyst characterization, especially for SCAs, can result in a
high rate of diagnostic uncertainties, leading to unnecessary
surgery, long-term follow-up and surveillance, and patient
stress. This leads to a significant healthcare cost that could be
avoided by improving the diagnosis of such cysts. Even with no
surgical intervention, the cost of life-long surveillance of be-
nign cysts is significant, and causes unnecessary anxiety to the
patient.

The use of EUS-FNA+nCLE improves the sensitivity and spe-
cificity of the diagnostic technique, allowing a reduction in di-
agnosis doubt and a much improved rate of benign cyst (SCA+)
identification, i. e. those that do not require surgical interven-
tion or intensive follow-up. Although the diagnosis of pancreat-
ic malignancies has improved in recent decades, with a reduc-
tion in pancreatic resection in those diagnosed from 94% in
1990 to 54% in 2014 [9], there remains diagnostic doubt. The
elimination of uncertainties by using EUS-FNA+nCLE can fur-
ther improve diagnostic accuracy and significantly reduce the
number of surgical interventions (P=0.02). A recent large-scale
trial has been conducted in more than 200 patients scheduled
for assessment by EUS-FNA for a large (≥2 cm) solitary pancre-
atic cystic lesion (PCL) without evidence of communication with
the main pancreatic duct and without evidence of malignancy
or chronic pancreatitis. Preliminary results confirm the very
high sensitivity and specificity of nCLE criteria for the most fre-

quently observed PCLs [21]. The addition of nCLE to the EUS-
FNA procedure could now systematically be considered in this
group of patients, having been shown to positively impact pa-
tient management.

Using probability calculations based on historical data from
1990 to 2014, our study shows that the addition of nCLE to
EUS-FNA in a hypothetical cohort of 1000 patients would pro-
vide an economic benefit by improving the accuracy of diagno-
sis, better identifying patients at risk of pancreatic malignancy,
and so reducing the number of surgical interventions. Addition-
ally, overall the lives of 4 in 1000 patients would be saved by
using EUS-FNA+nCLE due to the elimination of mortality asso-
ciated with unnecessary surgery.

It should be noted that, as all parameters are modeled (and
not outputs from studies), the number of patients included (n =
1000) is simply a neutral scaling factor: any other number
would have led to results that would be different only by a mul-
tiplicative factor.

Extensive sensitivity and specificity analyses were per-
formed to assess the robustness of the findings, and the sensi-
tivity of the model to variations in parameters was measured.
An evaluation of the influence of the a priori probability, of the
surgical rules in the EUS-FNA rules, and of the cost of the EUS-
FNA+nCLE procedure strengthened the model by showing that
variations in these parameters do not change the overall con-
clusions with regard to the benefits of EUS-FNA+nCLE compar-
ed to EUS-FNA.

Of note is that this economic benefit takes into account only
the diagnostic procedure itself, the associated reduced rate of
surgery, and the related costs associated with clinical interven-
tion and hospital stay. The real cost benefit would be signifi-
cantly higher: better detection of true SCA+ using EUS-FNA+
nCLE would logically reduce the number of repeated diagnostic
procedures and the number of subsequent surveillance exami-
nations, as well as resulting in fewer re-hospitalizations and less
long-term treatment required following DP or LP.
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▶ Fig. 3 Stochastic sensitivity analysis for test performance.
(Note: each point corresponds to one simulation of the number of
surgical interventions resulting from each diagnostic procedure,
using sensitivity and specificity ranges described in ▶Table 3.)
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Large differences between the private and public sectors
have two explanations. First, in the public sector, the cost of
stay includes the physicians’ salaries (surgeons and anesthesiol-
ogists) whereas in the private sector, physicians are indepen-
dent and bill the fees directly to patients in addition to the
cost of the stay. Second, the proportion of DP and LP differs be-
tween sectors: the relative proportions of DP/LP are 80/20 in
the public sector and 50/50 in the private sector, the cost of
DP being approximately twice as much as LP (1021.74€ vs.
540.05€, excluding anesthesiology). Even after adjusting for
these two factors, differences remain for institutional reasons
(e. g. some public hospitals are university hospitals, which in-
clude an emergency service; this is not the case for all private
hospitals).

As well as a reduced rate of surgical intervention, this study
also demonstrates a slight reduction in “false negatives” using
nCLE. Although slight, this represents a further reduction in
morbidity and mortality and a further improvement in the
medico-economic benefits of EUS-FNA+nCLE.

A limitation of this study is that the costs given are valid only
for France. Due to national differences in healthcare systems
and costs, no economic evaluation can be universally valid and
the results necessarily depend on a specific national context.
The economic benefit of EUS-FNA+nCLE in other countries
could be assessed using local data in the model structure to re-
flect national specificities for healthcare reimbursement and
patient management for pancreatic cysts. Another limitation
of the study is that other methods for the diagnosis of SCA
such as CEA (using 5ng/mL as a cutoff) and cyst morphology
observed during imaging (apart from communication) are not
taken into account in the medico-economical model. However,
the limits of these have been described by Jais et al. [9] and con-
firmed in a recent multicenter study in 209 patients with large
non-communicating pancreatic cysts [21] which showed the
accuracy of CEA<5ng/mL and nCLE for the diagnosis of benign
cystic lesions to be 84% and 96%, respectively.

In conclusion, the adoption of routine nCLE in addition to
EUS-FNA alone for the diagnosis of isolated, non-communicat-
ing cysts without CCP would lead to significant economic ben-
efits to healthcare systems by reducing the number of “false
positives” as well as “false negatives” due to improved diagnos-
tic accuracy.
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