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Summary
Lung cancer remains the most common cause of cancer-related death in the United States. This study
evaluated the costs of alternative diagnostic evaluations for patients with suspected non–small cell
lung cancer (NSCLC). Researchers used a cost-minimization model to compare various diagnostic
approaches in the evaluation of patients with NSCLC. It was less expensive to use an initial
endoscopic ultrasound (EUS) with fine needle aspiration (FNA) to detect a mediastinal lymph node
metastasis ($18,603 per patient), compared with combined EUS FNA and endobronchial ultrasound
(EBUS) with FNA ($18,753). The results were sensitive to the prevalence of malignant mediastinal
lymph nodes; EUS FNA remained least costly, if the probability of nodal metastases was <32.9%,
as would occur in a patient without abnormal lymph nodes on computed tomography (CT). While
EUS FNA combined with EBUS FNA was the most economical approach, if the rate of nodal
metastases was higher, as would be the case in patients with abnormal lymph nodes on CT. Both of
these strategies were less costly than bronchoscopy or mediastinoscopy. The pretest probability of
nodal metastases can determine the most cost-effective testing strategy for evaluation of a patient
with NSCLC. Pre-procedure CT may be helpful in assessing probability of mediastinal nodal
metastases.
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Introduction
Lung cancer remains the most common cause of cancer death in the United States. The optimal
treatment for patients with non–small cell lung cancer (NSCLC) is surgical resection.
Unfortunately, metastatic involvement of mediastinal lymph nodes (Stage III disease)
precludes surgery in most cases; N2 disease is defined as involvement of the ipsilateral
mediastinal lymph nodes, while N3 disease involves contralateral nodes. The 5-year survival
rate for patients with N2 disease detectable on preoperative computed tomography (CT) is
universally poor after surgical resection, ranging from 3% to 8%.[1-7] Consequently, it is
crucially important to detect stage III disease, so that these patients may avoid unnecessary
surgery.

Although thoracic CT is the most commonly used noninvasive staging modality of the
mediastinum, it cannot always reliably differentiate between benign and malignant mediastinal
nodes, as enlarged nodes may also be inflammatory, whereas normal-sized lymph nodes may
contain malignancy.[8-20] Procedures that facilitate sampling of mediastinal nodes, such as
endoscopic ultrasonography (EUS)–guided fine-needle aspiration (FNA), endobronchial
ultrasound (EBUS) FNA, mediastinoscopy and transbronchial needle aspiration (TBNA), have
become established means for tissue confirmation. EUS FNA of posterior mediastinal lymph
nodes is a highly accurate modality for cytodiagnosis.[11,21-36] Mediastinoscopy, on the other
hand, offers visualization as well as tissue diagnosis of accessible lymph node stations, but is
an invasive procedure, carries a substantial cost, and has a small but definite morbidity.[12,
14,19,35,37-43] TBNA has been used to evaluate suspicious subcarinal, paratracheal and hilar
lymph nodes,[42-53] but its blind approach is a limitation. More recently, EBUS FNA has
emerged as an approach to overcome this limitation.[54-56]

This study aimed to compare the costs of alternative diagnostic approaches in modeled patients
with non–small cell lung cancer (NSCLC), using a cost-minimization approach.

Methods
We used standard decision analysis software (DATA 3.5, TreeAge Software Inc,
Williamstown, Mass) to construct our decision model (Fig. 1). Decision analysis uses data
available in the medical literature to produce a model of possible outcomes associated with a
particular disease, in order to facilitate the determination of the most economical health care
strategy, among different alternatives. The model attaches costs and health outcomes to each
health state, and estimates the total costs and outcomes associated with a particular health care
strategy.

A cost-minimization analysis, which assumes that competing diagnostic strategies have
equivalent outcomes, is the most appropriate form of economic analysis to use in this setting.
The benefit of each diagnostic test lies in their respective abilities to detect malignant
mediastinal lymphadenopathy, i.e. to detect stage III disease. Detecting stage III disease is
useful because it prevents subjecting the patient to a more expensive procedure (thoracotomy)
to achieve the same endpoint. Recognizing that:

• There is a well-defined outcome in each arm of our decision model (detection of stage
III disease),

• The long-term outcomes (i.e., measure of effectiveness) are equivalent in each model
arm, i.e., the survival of all patients with stage III disease is similar regardless of how
the disease extent was diagnosed, and

• The downstream costs of medical care in patients with stage III disease are similar in
all arms, once the extent of disease has been established,
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This ensures that a cost minimization approach is most appropriate. We assumed that each of
the FNA techniques has perfect specificity; i.e., no false-positive FNA results. Therefore, no
patient would mistakenly forgo potentially life-saving treatment, and each strategy would be
equally effective in clinical patient outcomes.

Patient model
The model assumed a patient diagnosed as having either (1) verified NSCLC or (2) suspected
NSCLC, based on a primary pulmonary mass with or without enlarged mediastinal lymph
nodes detected by CT. The 7 main branches of the tree represent the management options: (1)
mediastinoscopy with biopsy of any visualized lymph nodes; (2) EUS FNA of any visualized
lymph nodes; (3) EBUS FNA of visualized lymph nodes; (4) TBNA biopsy of any lymph nodes
seen on CT; (5) combined EUS FNA and EBUS FNA; (6) combined EUS FNA and TBNA;
(7) combined EBUS FNA and TBNA. Pathologic evidence of benign nodal tissue on FNA
prompted thoracotomy, which provided a view to surgical resection. The false-negative rates
of each FNA procedure determined the likelihood of malignant disease being found at surgery.
A positive biopsy at sampling confirmed Stage III disease and precluded thoracotomy.

Assumptions
The model is based on a series of assumptions:

1. Patients referred for mediastinoscopy, EUS FNA, EBUS FNA and TBNA are
clinically similar.

2. All patients underwent initial luminal bronchoscopy; only patients in the TBNA study
arms underwent bronchoscopic FNA.

3. All patients have undergone CT and PET scanning prior to invasive staging in order
to guide further management.

4. The aim of each procedure is to detect nodal metastases. However, there is no reason
to preferentially favor performance of one procedure over another.

5. Detection of mediastinal nodal metastases signifies stage III disease and precludes
thoracotomy.

6. For calculation of pathology interpretation costs, one cytology sample was acquired
in patients undergoing TBNA; two cytology samples were acquired in patients
undergoing EUS FNA, EBUS FNA or mediastinoscopy while three separate cytology
samples were acquired in patients undergoing combination procedures.

7. The following procedure-related complication rates requiring hospitalization were
assumed: EUS FNA and EBUS FNA and TBNA, all 0.5%,[23-36,43-59],
mediastinoscopy, 2%[35,37-42] and thoracic surgery, 8%.[60]

8. EUS FNA/EBUS FNA/TBNA combination procedure sensitivities vary linearly with
changes in sensitivity of the individual component procedures.

9. Because 50-60% of patients undergoing mediastinoscopy with an indication of
NSCLC in our institution do so as hospital inpatients, 50% inpatient plus 50%
outpatient reimbursement rates were used to represent the direct costs of
mediastinoscopy.

10. The total cost of a procedure-related complication was calculated using the diagnosis
related group (DRG) for hospitalization of a patient with NSCLC.

11. The positive predictive value of a cytologic finding of malignancy is 100%.
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12. From a Bayesian perspective, the initial FNA test result and the subsequent histologic
examination of tissue from mediastinoscopy with biopsy are independent tests when
used sequentially for diagnostic purposes in the sense that the two tests are
independent given disease state.

Baseline costs
The base-case analysis took the payer's perspective expressed in US dollars, based on 2007
Medicare reimbursement rates. Direct medical costs were estimated from Medicare ambulatory
patient classification (APC) payments (combined professional plus facility fee) for hospital-
based outpatient procedures. Inpatient hospital facility fees were calculated as the amount
Medicare pays, based on assignment to a DRG, for a patient with a diagnosis of NSCLC. In
the case of hospitalization required for a procedure-related complication, the facility fee
component was calculated using the DRG for hospitalization for a post-procedure
complication. This amount remains constant regardless of the nature of the complication, e.g.
hemorrhage, infection, perforation. The professional fee component was calculated using the
CPT codes for the initial consultation, daily physician visit, and discharge consultation. The
total cost for each procedure is obtained from the following formula: [(Cost of procedure
without complications) (1 – Complication rate)] + [(Cost of procedure with complications)
(Complication rate)]. Taking into account the procedure complications in this way provides a
precise estimation of costs involved. Costs for outpatient visits and hospitalizations are
illustrated in Table I.

Direct costs were used in preference to charges or total costs because direct costs reflect true
resource utilization better and tend to be more generalizable. Indirect health and institutional
costs, such as the cost to society for lost work, quality of life, and institutional administration
or maintenance of buildings or costs involved in the original diagnosis were not included.
Discounting was not performed as the diagnostic evaluation only lasts several days.

Parameter values
The performance characteristics of EUS FNA, EBUS FNA, TBNA and all combinations of
these tests for the base case analysis were obtained from the only prospective comparison of
these tests published to date.[57] To take into account the uncertainty in parameter values,
these were varied through the range of their 95% confidence intervals from this study to assess
their impact on the final result. (Table II) Performance characteristics of mediastinoscopy were
obtained from studies of patients with known or suspected NSCLC without distant metastases
published in the peer-reviewed medical literature.

Sensitivity analysis
By performing a sensitivity analysis, we determined whether changing the probability of an
event occurrence altered the favored decision strategy. One-way sensitivity analysis of the
variables in Table II was performed to determine the optimal management strategy. Two-way
sensitivity analysis was also performed by simultaneously varying the probability of 2 variables
where appropriate. When changing a variable led to a different strategy being least costly, the
variable was deemed sensitive to variation. We varied the prevalence of nodal malignancy
through a broad range of possible values (5-50%) to assess the most economical outcome in a
wide variety of clinical settings.
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Results
Base-case analysis

For the base-case, initial EUS FNA biopsy was the most economical strategy ($18,603)
compared with the other options: EBUS FNA ($19,828), TBNA ($21,136), mediastinoscopy
($20,157), combined EUS FNA/EBUS FNA ($18,753), combined EUS FNA/TBNA ($18,838)
and combined EBUS FNA/TBNA ($20,260).

Sensitivity analysis
One-way sensitivity analyses showed initial EUS FNA remained the least costly option
provided the probability of lymph node metastases was <32.9%, cost $18,170 (Fig. 2); above
this probability combined EUS FNA/EBUS FNA was the most economical approach.

EUS FNA sensitivity and EBUS FNA sensitivity were also varied. EUS FNA remained the
least costly if its sensitivity exceeded 50%, cost $19,828 (Fig. 3), this probability was lower
than our lowest plausible sensitivity. EBUS FNA was least costly if its sensitivity exceeded
71.3%, cost $18,603.

Two-way sensitivity analyses were also performed. Throughout a plausible range for EUS
FNA sensitivity (55-80%), EUS FNA remained the least costly strategy as long as the
probability of lymph node metastases was <32%; above this, the combination EUS FNA/EBUS
FNA was the preferred option. Throughout a plausible range for EBUS FNA sensitivity
(55-80%), EUS FNA again remained the least costly strategy as long as the probability of
lymph node metastases <40%; above this, the combination EUS FNA/EBUS FNA was the
preferred option as long as its sensitivity was >65%. As the sensitivity of this combined
procedure increased, the threshold value of nodal involvement that defined EUS FNA/EBUS
FNA superiority declined accordingly. Again, because EUS FNA and EBUS FNA performance
alone rarely vary in isolation, the global FNA sensitivity along with malignant node prevalence
were varied. Throughout all FNA sensitivities, EUS FNA was the preferred option with
malignant nodal prevalence <32%; above this, combination EUS FNA/EBUS FNA became
the approach of choice.

Discussion
This economic analysis simulates the clinical scenario of a patient with known or suspected
NSCLC. The validity of any model and its conclusions can only be verified by prospective
trials. For this reason, we relied on the majority of our parameter values from the only
prospective trial to date comparing the performance of EUS FNA, EBUS FNA, TBNA and
combinations of these tests.[57] The findings illustrate that the least costly approach of
investigating these patients is predicated on the pre-test probability of malignant mediastinal
lymph nodes; below a malignant nodal probability of 32.9%, initial EUS FNA is the preferred
option. However, above this probability combined approach with EUS FNA and EBUS FNA
is optimal.

How relevant is our decision model in facilitating patient management? The medical literature
demonstrates that 22% to 30% of patients with NSCLC have enlarged mediastinal lymph nodes
detectable on CT at the time of presentation.[53-58] In the presence of enlarged nodes on CT,
the pre-test probability of malignant nodal involvement raises to 60-70%,[58] while in the
absence of visualized nodes on CT, the pre-test probability of malignant nodal involvement
declines to 10-30%.[59] Therefore, the findings of this economic analysis illustrate that the
clinician can tailor their approach depending on the CT findings. Enlarged mediastinal nodes
on CT would favor initial combined EUS FNA and EBUS FNA while absence of nodes on CT
favors initial EUS FNA alone.
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Several limitations of this study are noteworthy. As with any decision analysis model, it is of
most use when considered as a guide in patient management rather than a substitute for sound
clinical judgment. For example, in the setting of a very high pre-test probability of mediastinal
nodal malignancy, it may be most appropriate to repeat a minimally invasive technique (e.g.,
EUS FNA) after one negative result prior to proceeding to thoracotomy. Second, the robustness
of any model depends on the assumptions used. In this model, the specificity of all sampling
procedures is considered perfect. In clinical practice, the unlikely event of obtaining a false
positive biopsy result would lead to erroneous over-staging of a patient, thereby depriving a
potentially resectable patient of a chance at curative surgery. This is a theoretical limitation of
all the sampling modalities (EUS FNA, TBNA, EBUS FNA and mediastinoscopy). However,
for practical purposes, the possibility of imperfect specificity (i.e., the interpretation of a benign
cytology specimen as malignant) was considered to be exceedingly low and did not justify
confirmatory thoracotomy in all patients with a positive FNA result. Related to the analysis,
this means that the essential impact to the model of any deviation from perfect specificity is
negligible. That is, in terms of the model the expected cost calculated as the product of the
small, but nearly zero, probability of a false positive times the expected consequent cost, a
large value if the false positive occurred, would be negligible.

Our cost analysis was based on estimate of accuracy from our own clinical trial, one of the
only which has directly compared EUS, EBUS, and bronchoscopy. Our accuracy estimates are
somewhat lower than other published meta-analyses.[57,61,62] In order to ensure that our
results are robust, we performed the cost analysis across a wide range of accuracy estimates
for EUS and EBUS and found that the conclusions held within the range of all published values.

Although both EUS FNA and EBUS FNA were modeled as separate choices, the favorable
performance of EUS FNA and EBUS FNA in combination, illustrates the complementary
nature of these 2 modalities. The incremental sensitivity of both in combination over each
individually reflects the differing abilities of both tests to detect lymph nodes in differing
stations of the mediastinum. EUS functions best at accurately detecting mediastinal
lymphadenopathy in the subcarinal (station 7), aortopulmonary window (station 5), left
paratracheal (station 4L), and paraesophageal (station 8) regions[24] while its ability to
adequately visualize the upper anterior lymph node stations (1 through 3 and 4R) is
compromised due to interfering tracheal air. Conversely, EBUS has excellent ability in
detecting the upper anterior nodal stations.[54-57] This complementary nature of EUS and
EBUS in providing views of all portions of the mediastinum between them, translates into
lower expense when evaluating patients with a higher pre-test probability of nodal
involvement. In the future, it may be possible to identify subgroups of patients that only require
a single procedure. This would even further reduce to cost of endoscopic staging and improve
cost-effectiveness.

Our study is limited to an analysis of invasive staging procedures. Other groups have previously
analysis the cost effectiveness of non-invasive staging including CT and PET and generally
found it to be cost effective[63].

Finally, there is increasing evidence that genomic characterization of lung cancer, particularly,
K-ras and EGFR status, may serve as a guide to therapy. EUS-FNA is well positioned to obtain
tissue suitable for DNA and RNA extraction suitable and thus has the capacity to provide this
valuable information.[64]

The utility of nodal sampling techniques in patients with known or suspected NSCLC includes
their impact on clinical decision making and also their conversion of a major inpatient surgery
to a minimally invasive outpatient procedure in an appropriate subset of patients. Because the
preferred choice of initial test (EUS FNA or combined EUS FNA and EBUS FNA) is highly
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sensitive to pre-test probability of malignant mediastinal lymph nodes, detection of enlarged
nodes on thoracic CT is an important element in guiding further test selection.
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Fig. 1.
Decision tree illustrating seven diagnostic branches. Following initial diagnostic workup (CT,
PET scan), the clinician is faced with seven possible sampling approaches in order to discern
malignant mediastinal lymphadenopathy.
◻ = initial decision node;  = change node; ◃ = end of evaluation for that branch.
EUS = endoscopic ultrasound; FNA = fine needle aspiration; MED = mediastinoscopy; TBNA
= transbronchial needle aspiration; EBUS = endobronchial ultrasound; + Bx = biopsy yielding
malignancy.
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Fig. 2.
This figure illustrates the impact of varying the prevalence of malignant mediastinal lymph
nodes (P_LN) on the cost of patient management. The costs of EUS FNA (◆) and EUS FNA
+EBUS FNA (▼) are equivalent ($18,170) when P_LN is 32.9%.
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Fig. 3.
This figure illustrates the impact of varying the sensitivity of EUS FNA (SENS_EUS) on the
cost of patient management. The costs of EUS FNA (◆) and EBUS FNA (▲) are equivalent
($19,828) when SENS_EUS is 50%.
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Table I

Medicare-Based Reimbursement Rates for Outpatient (Combined Professional and Facility Fees) and Inpatient
(Diagnosis Related Group [DRG]) Hospital Procedures in US dollars*

Procedure CPT Code Prof + Fac Fee ($) DRG

Bronchoscopy w/o TBNA 31622 560

EUS FNA 43242 480

EBUS FNA 31620 1,711

TBNA 31629 1,430

MED (outpatient)** 39400 1,842

MED (outpatient) – professional fee (anesthesia)** 1,196

MED (inpatient)** 6,624

TRC 16,913

Cytology 88173 27

Hospitalization for FNA complication*** 24,456

Hospital admission*** 99222 290

Hospital care × 1 day*** 99231 105

Hospital discharge*** 99238 170

*
based on 2007 Medicare Fee Schedule

**
direct cost of mediastinoscopy was based on 50% inpatient plus 50% outpatient reimbursement rates assuming that half of patients undergoing

mediastinoscopy do so as outpatients and half as inpatients

***
management of FNA complication was assumed to require hospital admission (day 1), observation for 1 day (day 2) and discharge (day 3), i.e. a

3-day hospitalization. When a procedure related complication occurs, the original facility fee is lost, i.e. only the original professional fee remains
which is added to the cost of the hospitalization

EUS = endoscopic ultrasound; FNA = fine needle aspiration; MED = mediastinoscopy; TBNA = transbronchial needle aspiration; EBUS =
endobronchial ultrasound; TRC = thoracotomy

Lung Cancer. Author manuscript; available in PMC 2011 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Harewood et al. Page 15

Table II

Baseline values for performance characteristics of diagnostic modalities

Variable Sensitivity Baseline probability (range, %)

EUS FNA 69% (53-82%)[57]

EBUS FNA 69% (53-82%)[57]

TBNA 36% (22-52%)[57]

EUS FNA+EBUS FNA 93% (81-99%)[57]

EUS FNA+TBNA 79% (63-90%)[57]

EBUS FNA+TBNA 76% (61-88%)[57]

MED 95% (70-95%)[12,14,19,35,37-42]

Prevalence of MMLN 30% (0-50%)[57]

EUS = endoscopic ultrasound; FNA = fine needle aspiration; EBUS = endobronchial ultrasound; TBNA = transbronchial needle aspiration; MMLN
= malignant mediastinal lymph nodes; MED = mediastinoscopy
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