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Abstract: Fine-needle aspiration cytology (FNAC) is commonly
used to obtain a pre-surgical pathological diagnosis in
many organs, but its cost-effectiveness in lymphadeno-
pathy has not been studied yet. We calculated the cost
and diagnostic accuracy of a diagnostic algorithm that
uses FNAC as a first-line procedure and compared it to
a purely surgical approach in 545 consecutive lymphade-
nopathies. In 74% of the cases, FNAC alone can obtain
a sufficiently detailed diagnosis, avoiding the surgical
biopsy. In doing so, the average cost of diagnosis is cut
to less than one-third, the patient avoids an invasive pro-
cedure and the diagnosis is reached earlier. In conclusion,
the systematic use of lymph node-FNAC in the initial
assessment of lymphadenopathy is clinically and econom-
ically advantageous as it avoids surgical biopsies in cases
where cytology can suffice.

Keywords: fine-needle aspiration cytology, lymphadeno-
pathy, cost-effectiveness, diagnosis

1 Introduction

Superficial lymphadenopathy is frequently encountered
in everyday clinical practice. The exact incidence of lym-
phadenopathy is unknown but likely underestimated
because in many cases it has a benign and self-limited
course and is thus not recorded [1,2]. When the clinical
presentation is not typical and serological data do not
match the clinical context, diagnostic imaging, generally
by ultrasound (US), is required [2,3]. When the lympha-
denopathy persists, a pathological assessment by lymph
node fine-needle aspiration cytology (LN-FNAC) and/or
surgical biopsy (SB) is required [2,3].

Traditionally, histological evaluation has been the
standard approach to establish the cause of lymphadeno-
pathy [2]. However, several excised LNs turn out to be the
site of a reactive process [4]. The histological examina-
tion in most of these cases provides only a descriptive
evaluation, as different etiologies may show similarmorpho-
logical features [4]. For this reason, alternative approaches
are employed to reduce the number of SBs. LN-FNAC is a
minimally invasive procedure with high sensitivity and speci-
ficity, particularly in identifying reactive processes,metastases,
and recurrences of previously diagnosed lymphoma [5,6].
The association of LN-FNAC to ancillary techniques such as
flow cytometry (FC), immunocytochemistry (ICC), polymerase
chain reaction (PCR)-based procedures, and fluorescence
in situ hybridization can improve its accuracy, in particular for
the diagnosis of non-Hodgkin lymphoma (NHL) [7]. However,
despite these diagnostic improvements, the difficulty in sub-
classifying NHL on cytological samples remains [6].

Generally, when an LN-FNAC diagnosis is made in con-
junction with appropriate ancillary techniques and a proper
clinical context, it does not require histopathological con-
firmation in cases of benign reactive lymphoid hyper-
plasia, specific infections, recurrent lymphoproliferative
disorders, and metastases of known primary tumors [3].
Conversely, histological confirmation of LN-FNAC results
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is required for the primary diagnosis of Hodgkin’s lym-
phoma (HL) and NHL, except for specific clinical situations
or in some anatomical locations where surgical procedures
are contraindicated or not possible [3]. In case of a nega-
tive outcome at LN-FNAC, follow-up is indicated; in the
case of atypical lymphoid cells of uncertain significance
(ALUS), repetition and follow-up are indicated [3]. Follow-
up consists of performing clinical surveillance and, in the
case of persistence of symptoms, repeating LN-FNAC and/
or performing SB. This approach has been systematized in
a recent proposal [3]. However, in the absence of world-
wide acceptance of these specific indications, to date there
are two extreme clinical contexts: one in which LN-FNAC
is available, performed, and considered in the clinical
management of patients; another, in which LN-FNAC is
not performed or not accepted as a diagnostic tool and
histological evaluation is the only diagnostic procedure
for the morphological diagnosis of lymphadenopathy. In
fact, in the institutions where LN-FNAC is utilized as the pri-
mary procedure to diagnose lymphadenopathy, it is sufficient
to establish a diagnosis of negativity, metastases, and lym-
phoma relapse in the majority of cases, except for clinically
very suspect lymphadenopathies or those which do not
regress at the follow-up. In the same institutions, subsequent
excisional SB is reserved to primary NHL and HL, metastases
fromanunknownneoplasm, and to all the cases inwhich LN-
FNAC does not achieve a definitive diagnosis of benignity.
Conversely, in the institutionswhere LN-FNAC is not available
or not performed, all the lymphadenopathies suspected to
be malignant undergo SB and histological examination.
Numerous studies evaluating the sensitivity and specificity
of LN-FNAC are available, as well as studies describing
rare entities or complex diagnoses, but the cost of the
procedure as a primary diagnostic approach has been
evaluated for metastases only [8].

This study aims to compare the costs of the twomethods
to achieve a definitive diagnosis in cases of lymphadeno-
pathy. For this purpose, we calculated the costs of a
diagnostic algorithm relying on LN-FNAC as a screening pro-
cedure and compared it to an algorithm employing excisional
SB directly to assess whether the former can reduce the
overall cost of diagnosis and the number of SBs performed.

2 Materials and methods

2.1 Data

This study retrospectively analyzed the data regarding a series
of consecutive clinically suspicious lymphadenopathies that

were investigated using LN-FNAC in an 18-month period at
our institution.

Patients’ data (age, gender, LN size, and US features),
diagnostic procedures, final diagnoses, and follow-up data
were extracted from the electronic health records of the
hospital. Data concerning the performance of LN-FNAC,
US data, cytological diagnoses, and histological results
(when available) were extracted from the database of our
institution. Data concerning follow-up, LN-FNAC repeti-
tions when performed, and clinical evaluations of the
patients who did not undergo surgery were collected
with a minimum follow-up of 12 months.

2.2 FNAC

All LN-FNACs were performed by one of two experienced
cytopathologists. They were also performed with US assis-
tance both for unpalpable and palpable LNs to reach the
target and the most representative areas of the LN avoiding
the hilum when represented, as previously described [9,10].
Rapid on-site evaluation (ROSE) was performed in all the
cases to assess the adequacy of the sample, the need for
immediate repetition for inadequate cases, or for harvesting
additional materials. Moreover, ROSE enabled us to manage
thematerial for specific ancillary techniques choosing appro-
priate technical supports as previously described, such as for-
malin for cell blocks and phosphate-buffered saline for FC
[3,9,11,12]. Ancillary techniques were performed when neces-
sary and chosen on the basis of clinical data and ROSE cyto-
logical features, as suggested by the Sydney System [3]. They
were performed also on histological samples according to gen-
eral and specific algorithms and protocols [3,13,14].

LN-FNACs were diagnosed according to the recently
published Sydney System [3] as benign (reactive), atypical
(lymphoid) cells of uncertain significance (AUS/ALUS), sus-
picious, or malignant (HL, NHL, metastasis). As all cases
were evaluated with ROSE and inadequate/insufficient cases
were immediately repeated, there were no inadequate cases
in the present study. According to the previously cited algo-
rithm [3], ALUS cases were also limited in the present series
because ROSE indicated the need for FC, which was per-
formed and allowed for the reclassification of most cases.
ALUS cases in which FC was not contributive were referred
to clinical follow-up and underwent repetition or SB in case
of persistence of the lymphadenopathy, according to the
clinician’s judgment. All cases diagnosed as suspicious, as
well as a portion of positive cases (NHL, HL, and metas-
tases from unknown or undetermined primary site),
underwent excisional SB of the corresponding LN when-
ever possible. Positive cases at LN-FNAC were not followed
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by SB in cases of relapse of lymphoma and metastasis of
known primary or inwhich ICC identified the tumor of origin.

2.3 Calculation of costs

The costs of the two possible algorithms, namely LN-FNAC
possibly followed by SB versus upfront SB, were calculated
by evaluating the reimbursements that the Italian National
Health System (NHS) grants to public hospitals and accre-
dited private institutions for LN-FNAC and LN-SBs, respec-
tively. These data were obtained from the rate tables of the
Campania region; the reimbursements in these rate tables
refer to the ICD-9-CM classification. The reimbursements
included costs of equipment and materials required to per-
form the respective procedures, personnel costs, and costs
of the structures. The costs of any complications or pro-
longation of any hospitalization were not included, and
the costs of the clinical follow-up for negative LN-FNAC
were not included as well as they were difficult to estimate.
The impact that these procedures have on the patient’s
quality of life was also not considered, both in terms of
lost working days and in terms of non-calculable moral
costs. As far as the costs of ancillary techniques are con-
cerned, it was almost impossible to compare their costs in
LN-FNAC and SB because those utilized in the former may
be different from those in the latter both in type and
number of tests. Furthermore, the Italian NHS does not
reimburse single ancillary tests, except for specific mole-
cular tests. Therefore, starting from the assumption that
ancillary technique costs are similar either if performed on
cytological, cell block, or histological samples and that
they are equally performed in the two techniques, in this
study, the impact of ancillary techniques on the two com-
pared procedures was not calculated.

The costs of the overall LN-FNAC diagnostic evalua-
tion were calculated by adding the reimbursements of
each procedure carried out to reach a diagnosis. In parti-
cular, the costs in the case of the use of the LN-FNAC in
the initial evaluation of clinically suspicious lymphade-
nopathies have been calculated by adding the cost of any
repeated LN-FNAC or any SB to the cost of the first LN-
FNAC. The cost of managing lymphadenopathy by SB
only, without using LN-FNAC, was calculated assuming
that an SB had been performed in all cases.

2.4 Decision model

In the present study, the Markov decision model was
adopted to calculate the cost of a definitive diagnosis in

clinically suspicious lymphadenopathies [15]. This model
is a multistate transient model in which patients make
transitions among various health states at different rates
for extended periods (cycles) [22]. This model has already
been utilized in other studies dealing with cost analysis
of thyroid FNAC [16–18]. As far as LNs are concerned, a
study was performed on the cost utility of sentinel LN-
FNAC in the staging of oral cancer, utilizing the Markov
model [19]. In our case, the Markov decision model has
been applied to the management and care process of
patients with clinically suspicious lymphadenopathies,
in relation to the initial cytological result. In this analytical
decision-making model, the first cycle started always with
an LN-FNAC. Each patient, based on the LN-FNAC results,
was put into one of four transient states, namely benign,
undetermined (ALUS), suspicious, and malignant. This
model always assumed that each patient fell into one of
these four states. The events of interest for the diagnosis
(follow-up, LN-FNAC repetition, SB)were considered events
that ended the previous cycle and started the next one. At
the end of each cycle, each patient could persist in the same
state of health as the previous cycle or move to a new state.
Patients who received SB after LN-FNAC entered the state
corresponding to that defined by the biopsy; for example, a
lymphadenopathy resulted benign to LN-FNAC that carried
out an SB, which turned out to be malignant, went into the
malignant state. Patients performing a second LN-FNAC go
into the state corresponding to the result of the second LN-
FNAC. For example, a lymphadenopathy resulted benign to
the first LN-FNAC that carried out a second LN-FNAC, which
turned out to be malignant, went into the malignant state.
Patients who were followed-up clinically without repeating
LN-FNAC or performing an SB remained in the same state;
for example, a patient with a lymphadenopathy with a
benign first LN-FNAC result, who no longer performed
another LN-FNAC or SB on suspected lymphadenopathy,
remained in the benign state.

For positive and suspect cases at LN-FNAC, the diag-
nostic process was considered concluded when a final
diagnosis was achieved with SB or, in cases where it was
sufficient, by LN-FNAC. For negative and ALUS cases, the
diagnostic process was considered concluded either when
the clinical follow-up and the clinician’s judgment con-
firmed the LN-FNAC diagnosis of benignity or, lacking
this clinical reassurance when SB was performed.

2.5 Statistical analysis

Cases classified as positive or suspect at LN-FNAC for
which SB and the following histological examination
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confirmed that the malignancy was considered true posi-
tives. Cases classified as negative or ALUS at LN-FNAC for
which follow-up or SB confirmed benignity were considered
true negatives. Cases with suspect or positive LN-FNAC
diagnosis and negative SB histology were considered
false positives. Negative or undetermined (ALUS) cases
to cytology with positive SB histology were considered
false negatives.

Ethical approval: All procedures performed in studies
involving human participants were in accordance with
the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.

3 Results

In the 18-month period examined, 545 LN-FNACs were
performed on 535 lymphadenopathies (535 first LN-FNACs
+ 10 repetitions). Subsequently, 131 (24%) underwent SB.

The series include 293 females (54.8%) and 252 males.
The average age at the time of LN-FNAC was 56.4 (±18.4)
years. The mean diameter of the lymph nodes was 21.7mm
with a standard deviation of 9.5mm.

3.1 Baseline data

As previously reported, the model applied for the man-
agement of suspected lymphadenopathy refers to the
Markov model. The first step of the model for each of the
enrolled patients corresponded to the result of LN-FNAC,
which was malignant in 275 cases (51.40%), benign in 240
(44.86%), suspect in 15 (2.81%), and undetermined (ALUS)
in 5 (0.93%). Because ROSE was employed, no cases were
inadequate. These percentages represent the initial prob-
abilities of the model.

Of the 275 malignant LN-FNACs, 167 were positive for
metastasis, 98 for NHL, and 10 for HL. In the case of
metastatic lymphadenopathies, an SB was performed in
seven cases. In the remaining 160 cases, LN-FNAC and
ICC were sufficient to obtain an accurate diagnosis and
identify the primary tumor; therefore, there was no need
to perform an SB. In cases that were positive for lympho-
proliferative disorders (HL, NHL), SB was performed in 94
cases; the remaining 14 cases represented those in which
surgery was contraindicated or not needed (e.g., recur-
rence of already known lymphoproliferative disease). Of

these 94, in 1 case, it was necessary to repeat the SB
because a wrong lymph node had been removed and repe-
tition confirmed the LN-FNAC diagnosis of malignancy.
Therefore, all these cases were considered true positives.

Regarding the 240 cases in which the LN-FNAC gave
a benign result, 220 lymphadenopathies regressed at
clinical follow-up and did not need further diagnostic
investigations. In 10 cases, LN-FNAC was repeated within
2 months because of the persistence of symptoms and in
10 cases an SB was performed because the clinical and US
features were highly suggestive of malignancy. Of the 10
lymphadenopathies that repeated a second FNAC within
2 months for the persistence of the symptomatology, 9
obtained a result of negativity (benign) and 1 of suspicious.
Of the 9 lymphadenopathies for which benignity was con-
firmed with a second FNAC, only in 1 case SB was required
and confirmed benignity (true negative); in all the other
cases, the lymphadenopathy regressed and SB was not
necessary. The single lymphadenopathy that obtained a
suspect result at the second FNAC was subjected to an
SB, which carried out a diagnosis of negativity and was
considered a false positive. The ten lymphadenopathies
classified as benign at the first FNAC that presented clin-
ical features suspicious for malignancy were subjected to
SB and, of these, three received a histological diagnosis of
malignancy (false negatives) and seven of benignity (true
negatives).

All 15 LN-FNAC suspicious for lymphoproliferative
process underwent SB and were positive at histological
evaluation (true positives).

Of the five LN-FNACs with undetermined outcome
(ALUS), two did not continue the diagnostic procedure
because clinical features suggested benignity, and three
underwent SB. Of these, one was found to be positive for
metastasis (false negative) and two were benign at his-
tology (true negatives).

3.2 Markov model results

At the end of the model, 395 cases (73.8%) did not require
an SB for histological control or a second LN-FNAC and
so persisted in the first state of Markov model, identified
by the result of the first LN-FNAC. In 174 (44.05%) of
these 395 cases, LN-FNAC gave a diagnosis of metastasis
from a known primary tumor, identified the primary tumor
when unknown, or diagnosed a relapse from a knownNHL
or HL. Of the other 222 cases that did not require further
investigation except follow-up, 220 (55.02%) were identi-
fied at LN-FNAC as benign and 2 (0.50%) as ALUS. The
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cases that required SB in addition to the first LN-FNAC
were 131 (24.48%); as the first LN-FNAC was clinically
not sufficient and did require histological control, the cor-
responding patients moved to the following state of the
Markov model corresponding to that defined by the SB
histological result. Of these 131 cases, at first LN-FNAC,
12 (7.87%) were identified as benign, 3 (2.36%) as ALUS,
15 (11.81%) as suspicious, and 101 (77.09%) as malignant.
The malignant cases included primary NHL or HL, which
required SB histological confirmation and metastases in
which LN-FNAC could not identify the primary tumor. In
ten cases (1.86%), instead of the SB, a second LN-FNAC
was performed; so, in these cases, the patients moved into
a new state of Markov model. In eight cases (1.49%), a
second LN-FNAC was sufficient and so the corresponding
patient persisted in the second state corresponding to that
defined by the second LN-FNAC. In the remaining two
cases (0.37%), it was necessary to perform also an SB so
these two cases moved to a third state of Markov model
corresponding to that resulting from the SB. After three
cycles, 54.58% of the cohort received a final diagnosis of
malignancy.

To summarize, 131 out of 535 lymphadenopathies stu-
died required an SB and were classified as malignant in
120 (91.60%) cases and benign in 11 (8.39%) cases. The
whole model is shown in Figure A1.

3.3 Diagnostic performance

The diagnostic performance of LN-FNAC was calculated.
In our whole series, LN-FNAC showed a sensitivity of
98.6%, a specificity of 99.6%, a positive predictive value
of 99.7%, and a negative predictive value of 98.4%. By
calculating these indices only in cases that underwent
LN-SB, we obtain a sensitivity of LN-FNAC of 96.7%, a spe-
cificity of 90.9%, a positive predictive value of 99.14%, and
a negative predictive value of 71.42%.

3.4 Assessment of costs

According to the criteria reported above, the average cost
for the execution of an LN-FNAC, which includes the
execution of the US-assisted LN-FNAC, ROSE, basic tech-
nical processing, ancillary techniques if any, interpreta-
tion, diagnosis, and reporting was €129.50 per case.

The average cost of the SB as reimbursed to the hos-
pitals by the Italian NHS, which includes the cost for the

day surgery hospitalization, the surgical procedure, the
histological examination, and reporting, was €1666.64.

Applying the Markov model for three cycles, it was
calculated that using LN-FNAC as the first procedure, the
estimated cost of diagnosis per patient was €540.01. This
cost accounts for €129.50 that represents the cost of the
first LN-FNAC, performed in all 535 lymphadenopathies,
plus the second LN-FNAC when performed (10 cases)
plus the cost of an SB when performed (131 cases). Most
of the costs for the diagnosis (75.57%)were due to the SBs
requested in cases where the LN-FNAC for different rea-
sons was not sufficient to reach a definitive diagnosis.
This cost amounted to €408.09 per patient.

In the case of undetermined (ALUS) or suspicious
outcome at the first LN-FNAC, the diagnosis per patient
costed €1796.14 and €1129.48, respectively. In the case of
benignity or malignancy, the cost per patient was €218.23
and €741.61, respectively.

The estimated cost to get a diagnosis without using
LN-FNAC would have been €1666.64 per patient. This
cost was calculated considering performing an SB in all
patients with suspected lymphadenopathy (535 cases),
without a previous LN-FNAC.

Comparing the two costs, we calculated an average
saving using LN-FNAC of €1126.63 per patient. An algo-
rithm employing LN-FNAC as a first screening procedure
costs per patient, on average, about one-third (32%) of an
algorithm that employs SB directly.

4 Discussion

FNAC examination has proved to be a simple, accurate,
and safe method for the preoperative diagnosis of numerous
clinical conditions including lymphadenopathies. Numerous
studies have analyzed the qualities of LN-FNAC including
diagnostic accuracy, but only a few studies have evaluated
the potential impact of LN-FNAC in the clinical management
of lymphadenopathies from an economic point of view. The
present study aims to determine the cost of diagnosing lym-
phadenopathies using LN-FNAC and to compare these costs
to those of SB.

There are several scenarios in which LN-FNAC gives a
definitive diagnosis and thus avoids an LN-SB and is
economically convenient. For example, cytology can con-
firm a recurrence, relapse, or new localization of a known
disease. A cytological diagnosis of malignant, positive for
metastasis of a known primary tumor, with immunocyto-
chemical confirmation, is often enough for the clinician
to treat the patient accordingly without the need for an
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excisional biopsy (Figure 1) [20]. Such an issue can also
happen with a benign cytological diagnosis, for example
in a lymphadenopathy in a patient with known sarcoi-
dosis [21]. But LN-FNAC can also perform a diagnosis that
stands on its own: this is the case of infectious lympha-
denopathy when an additional material is saved for ancil-
lary techniques such as PCR for the identification of the
specific agent, e.g., tuberculous lymphadenopathy [3].

In the present series, 414 LN-SBs were avoided by
performing 545 LN-FNACs; in other words, for every
four LN-FNACs performed, just one was followed by
LN-SB, while the other three were sufficient to reach a
diagnosis.

Besides, there are benefits of LN-FNAC that cannot be
quantified in economic terms and are due to the general
qualities of FNAC as the lower invasiveness and shorter
delay from the request to the execution and the report when
compared to LN-SB. As a matter of fact, in our institution,
like in many others, LN-FNAC is usually performed within
24 h of the request of the clinician, whereas weeks can pass
between the request of LN-SB and its performance.

Analyzing the Markov model applied in this study, all
the lymphadenopathies completed the diagnostic process
within 3 cycles; however, 403 out of 535 (75%) received a

final diagnosis within the first cycle; 533 out of 535 (99.6%)
received a final diagnosis within the second cycle, and only
2 cases required the third cycle. This rate is comparable to or
higher than those obtained in other similar studies [19].
Despite that, some authors are skeptical about the use of
LN-FNAC in the initial evaluation of lymphadenopathies for
the possible danger of false-negative results, as they could
lead to a diagnostic delay. In the present series, using LN-
FNAC in associationwith ancillary techniques, a false-nega-
tive rate of 3.4% was calculated. This rate is similar to those
reported in other studies in which LN-FNAC technical pro-
cedures and ancillary techniques are mostly standardized
[22,23]. Moreover in the calculation of the false-negative
rate, similarly to other studies [22,23], patients who did
not undergo surgery but were clinically followed-up were
not considered because histology was considered the gold
standard, so we obtained a false-negative rate higher than
real. The applied Markov model considers certain not only
the histological confirmation of the LN-FNAC diagnosis but
also the permanence in the same state at the end of the third
cycle. Therefore, confirming the first LN-FNAC through a
second one and/or clinical evaluation, the rate of false-
negative using LN-FNAC in association with ancillary tech-
niques was of 1.4%, hence much lower than the percentage

Figure 1: Lymph nodal metastasis from pulmonary adenocarcinoma confirmed with ICC. (a and b) Cytomorphology shows infiltration of the
lymph node by a diffuse population of atypical epithelioid cells with dense, finely vacuolated cytoplasms and large nuclei with anisokar-
yosis. Immunocytochemical positivity for cytokeratin 7 (c) and TTF-1 (d) confirmed the diagnosis. (a) Diff-Quik, 100×, (b) Diff-Quik, 400×,
and (c and d) diaminobenzidine ICC, 400×.
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obtained considering only cases with a histological control.
Part of the skepticism toward LN-FNAC comes from studies
that considered only LN-SB, and, in this way, overestimated
the percentage of false negatives. The present study has not
evaluated the possible diagnostic delay caused by LN-FNAC
as the first diagnostic approach. Analyzing retrospectively
all the lymphadenopathies that needed histological confir-
mation (primary HL and NHL, ALUS, and suspect cases that
remain in the same diagnostic state after LN-FNAC repeti-
tion), the median delay from the first LN-FNAC to the LN-SB
was 20 days (interquartile range, 18.25). This delay other
than extra costs in economic terms certainly caused addi-
tional emotional distress to the patients. Nonetheless, we
believe that this delay is partially diluted and attenuated
by the time necessary to perform concomitant unspecific
or specific pre-treatment tests and procedures, namely
laboratory, imaging, and cardiology tests that are gener-
ally requested in symptomatic and asymptomatic patients
in most cases of lymphadenopathy; moreover, in cases of
primary or relapsed highly suspicious NHL or HL, blood
product transfusion, antibiotics, hydration, lumbar punc-
ture, and bone marrow biopsy are also requested [24], and
represent a time in which LN-FNAC can be performed
and/or repeated also in concomitance with other diag-
nostic procedures, without delaying the performance of
LN-SB.Moreover, even LN-SBmay require repetition because
of technical problems or in case the targeted LN is not
representative of the pathology. Finally, we believe that
the emotional burden on patients who still undergo LN-SB
after LN-FNAC (25%) is largely compensated by the patients
who avoid LN-SB altogether (75%).

Finally, other than economic reasons, it has to be
considered that, as LN-FNAC performance needs fewer
prerequisites than SB, it can be programmed and per-
formed earlier and more easily than SB.

Based on these considerations, it is possible to assume
that the use of LN-FNAC does not increase the time neces-
sary to obtain a diagnosis but instead reduces it allowing a
diagnosis to be made in a less advanced stage of the dis-
ease. The Markov model has been successfully used to
evaluate therapeutic and diagnostic procedures, albeit
with specific limitations for the latter. For instance, in
the study by Borget et al. [18] performed on thyroid
FNAC, final surgery was performed for different reasons
(aesthetic, therapeutic, and diagnostic); because it was
difficult to attribute the cost to one or another, in their
basal model, the cost of surgery was applied to all the
patients with unsatisfactory cytopathologic results who
had undergone surgery regardless of the final histopatho-
logic result [18]. In the case of lymphadenopathy, SB is
often a diagnostic procedure and only seldom therapeutic.

Therefore, ideally, any ALUS, suspect, or positive LN-FNAC
for which histological evaluation reveals a reactive process
should be considered a false positive. Conversely, any nega-
tive LN-FNAC that a following SB reveals to be an NHL, HL,
or a metastasis should be considered a false negative. How-
ever, taking into account these considerations, in institutions
where LN-FNAC represents the first step of a structured
algorithm for the diagnosis of lymphadenopathies, the
only side effects of a LN-FNAC false negative or false posi-
tive are a slight delay on the final diagnosis or the perfor-
mance of an SB that would have been equally performed
without LN-FNAC.

A limitation of our study is that the calculation of the
cost of diagnosis in the absence of FNAC is estimated. In
estimating the overall cost, the cost of the histological
evaluation was applied in all cases without considering
any contraindications to the surgical intervention and
without considering that the clinician in some cases could
have delayed the histological evaluation. Nonetheless, it
is worth considering that costs can be only estimated and
not fully and accurately measured since in addition to
consumables, FNAC and ancillary techniques require good
quality instrumentation (US machine, flow cytometer) and
its rent and repair costs, as well as operators and their
training and salary costs. The SB and histological examina-
tion too carry additional expenses that are hard to accu-
rately quantify and estimate beforehand. Finally, some
costs are shared by FNAC and SB, such as blood tests and
imaging.

Core biopsy (CB) represents a reliable alternative to
SB; we use this procedure in our institution albeit with
specific limitations related to LN size, mobility, anato-
mical site, and case-specific risks. For these reasons, CB
is not routinely used and has not been considered in the
present study. Furthermore, some studies have demon-
strated the superiority of CB compared to FNAC in obtaining
a definitive diagnosis of lymphadenopathies [25]; others
have also obtained comparable results regarding SB and
CB to the point of considering CB a first-line method in
the evaluation of lymphadenopathies [25–28]. CB is less
expensive than SB but more expensive than FNAC. How-
ever, one limitation of CB is its stringent criteria that limit its
usage to only a portion of cases. In this sense, the costs
should be re-evaluated considering the immediate execu-
tion of the CB in conjunction or as an alternative to the
FNAC where possible. Further research is needed in this
direction.

One additional exciting new perspective is the appli-
cation of digital pathology to LN-FNAC. For example, a
digital slide can be sent for consultation in a few seconds
to multiple colleagues simultaneously, and without risk

Cost analysis of lymph node FNAC  7



of slide damage [29]. Furthermore, digital specimens can
be used to develop computer-aided diagnosis tools that
can help the pathologist in all kinds of tasks, from quan-
tification of immunohistochemistry (e.g., counting the
percentage of Ki67-positive cells) to directly identifying
and highlighting rare malignant cells in several smears,
or interpreting a full slide and obtaining a tentative diag-
nosis [30–32].

5 Conclusions

This study explored the usage of LN-FNAC as the first step
in the diagnosis of lymphadenopathies. We show that it is
economically convenient, in addition to being safe and accu-
rate. In 74% of cases, a diagnosis is reached by LN-FNAC
alone, avoiding an SB. In doing so, the average cost of diag-
nosis is cut to less than one-third, the patient avoids an
invasive procedure, and the diagnosis is reached earlier
[3,4,33]. The systematic use of LN-FNAC in the initial assess-
ment of lymphadenopathies is clinically and economically
advantageous as it avoids surgical biopsies in cases where
cytology can suffice.
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Appendix

Figure A1: Flow chart displaying the iterations of the Markov model in our series of 545 lymphadenopathies. Abbreviations: ALUS, atypical
lymphoid cells of undetermined significance; FNAC, fine-needle aspiration cytology.

10  Monica Cavallo et al.


	1 Introduction
	2 Materials and methods
	2.1 Data
	2.2 FNAC
	2.3 Calculation of costs
	2.4 Decision model
	2.5 Statistical analysis

	3 Results
	3.1 Baseline data
	3.2 Markov model results
	3.3 Diagnostic performance
	3.4 Assessment of costs

	4 Discussion
	5 Conclusions
	References
	Appendix


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


