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The Oncology Grand Rounds series is designed to place original reports published in the Journal into
clinical context. A case presentation is followed by a description of diagnostic and management
challenges, a review of the relevant literature, and a summary of the authors’ suggestedmanagement
approaches. The goal of this series is to help readers better understand how to apply the results of key
studies, including those published in Journal of Clinical Oncology, to patients seen in their own
clinical practice.

Accurate staging of the mediastinal lymph nodes in resectable non–small-cell lung cancer
(NSCLC) is critically important to determine the overall stage of the tumor and guide
subsequent management. The staging process typically begins with positron emission to-
mography (PET) or computed tomography imaging; however, imaging alone is inadequate,
and tissue acquisition is required for confirmation of nodal disease. Mediastinoscopy was
long considered the gold standard for staging of mediastinal lymph nodes, but, recently,
endobronchial ultrasound–guided (EBUS) fine-needle aspiration (FNA) has become the
standard of care. EBUS-FNA, in combination with supplementary technologies, such as
intranodal forceps biopsy and esophageal ultrasonography, has a high sensitivity and
specificity for the diagnosis of nodal metastases. EBUS-FNA is also capable of assessing N1
disease and obtaining adequate tissue for tumor genomic analysis to help guide treatment. In
the case of negative findings on EBUS, a confirmatory video mediastinoscopy is still rec-
ommended by the European Society of Thoracic Surgeons guidelines. However, whether
confirmatory mediastinoscopy is necessary is a matter of debate, and it is not commonly
performed in North America. To address this question, Bousema and colleagues performed a
randomized noninferiority trial to determine rates of unforeseen nodal metastases after
EBUS alone versus EBUS with confirmatory mediastinoscopy in patients with resectable
NSCLC. The authors concluded that EBUS alone is noninferior to EBUS with confirmatory
mediastinoscopy. These findings affirm our current practice to forgo confirmatory
mediastinoscopy after negative findings on EBUS.

CASE PRESENTATION

A 66-year-old woman with a 10-pack-year smoking history
and a medical history of hypertension presented with a new
cough and intermittent right chest wall discomfort. A chest
x-ray revealed a right upper lobe mass. Computed tomog-
raphy (CT) imaging showed a 4.5-cm right upper lobe mass
and mediastinal adenopathy (Fig 1). Subsequent positron
emission tomography (PET) imaging demonstrated hyper-
metabolic activity at the upper lobe mass, with a maximum
standardized uptake value (SUVmax) of 15.6, and PET-avid
ipsilateral hilar, 4R, and 2R nodes. There was no evidence of
extrathoracic disease on PET imaging, and findings on
magnetic resonance imaging of the brain were normal. The
patient was otherwise healthy, with a Zubrod performance
status of 1. Thoracic surgical assessment determined that the
patient was a candidate for surgery and that all disease could
be resected.

CLINICAL CHALLENGES IN EVALUATION
AND MANAGEMENT

Lung cancer remains the leading cause of cancer-related
death worldwide, accounting for 1.8 million deaths in
2020.1 In suspected cases of non–small-cell lung cancer
(NSCLC), a confirmatory tissue diagnosis is routinely per-
formed, and the correct clinical stage of the cancer is re-
quired to formulate a treatment plan for the patient.
Radiographic staging studies include CT, PET, and/or
magnetic resonance imaging. Although abnormal findings
on radiographic imaging are concerning for advanced-stage
disease, they are not definitive, and tissue acquisition is
commonly required to accurately stage the disease. Given the
proclivity of lung cancer to spread to intrapulmonary (N1)
and mediastinal lymph nodes (N2 and N3), invasive staging
of the hilar and mediastinal lymph nodes is commonly
performed. Confirmation of positive nodal tissue indicates
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advanced-stage disease (stage II or III) and is an indication
to consider neoadjuvant therapy before surgical resection of
the primary tumor.2

Staging of the mediastinum begins with CT and/or PET-CT
scan. PEThas a sensitivity of 77%and a specificity of 86% for
the identification of disease in mediastinal lymph nodes.3

However, PET has a false-negative rate of 7% to 16% and a
false-positive rate of 45%-48%.4,5 A recent review of more
than 1,400 patients with clinical stage I NSCLC on PET
imaging found occult pN1 and pN2 disease in 8% and 10% of
patients, respectively.6

Current guidelines recommend invasive mediastinal staging
for all cases of operable NSCLC, with the exception of small
(≤3 cm) peripheral tumors with no clinical evidence of nodal
disease.2,7 Although invasive mediastinal evaluation is a well-
accepted intervention for patients with cN2 disease, select
patientswith cN0/N1 disease also have a high risk of occult N2
disease. A systematic reviewandmeta-analysis byLeong et al8

reported an incidence of pN2 disease of 14%-21% in patients
with cN0/N1 disease. Unsurprisingly, in this study, the
prevalence ofmediastinal disease in CT-negative patientswas
21%, compared with 14% in PET-CT–negative patients. In
patients with PET-negative mediastinal nodes, tumor fea-
tures suggestive of occult N2 disease included nonsquamous
cell histologic type, central location of the tumor, presence of
cN1 disease, and high mediastinal node-to-tumor SUVmax
ratio.9 Therefore, invasive mediastinal staging should be
strongly considered for these patients.

Thefirst use ofmediastinoscopy was reported by Carlens10 in
1959, after which mediastinoscopy was long considered the
gold standard for mediastinal staging in patients with po-
tentially operable NSCLC. This procedure allows sampling of
the 2R, 2L, 4R, 4L, and 7 mediastinal nodal stations. Al-
though there are reports of increasing mediastinal nodal
assessment using a more invasive transcervical extended

mediastinal lymphadenectomy, this approach has not been
widely accepted.11 In a meta-analysis of mediastinal staging
with mediastinoscopy that included more than 9,000 pa-
tients, Silvestri et al3 found amedian sensitivity of 78% and a
median negative predictive value of 91%. As a result,
mediastinoscopy has been the approach of comparison in
recent studies investigating imaging modalities such as PET
and more recently adopted staging techniques such as
endobronchial ultrasound–guided (EBUS)-transbronchial
needle aspiration (TBNA) and endoscopic ultrasound-fine-
needle aspiration (EUS-FNA).

Although the development of video-assisted mediastino-
scopy has markedly improved visualization for the proce-
dure, mediastinoscopy is associated with uncommon but
significant complications, including recurrent nerve injury,
hemorrhage, and injury to the trachea or esophagus.7,12 In
1978, Wang et al13 first described the use of a bronchoscopy
needle aspiration technique for the biopsy of paratracheal
lesions, a technique they later applied to the diagnosis and
staging of NSCLC. EBUS can sample the same nodal stations
as mediastinoscopy, as well as hilar and interlobar (stations
10 and 11) N1 nodes.7 EBUS has a sensitivity of 69% to 99%
and a specificity of 99% for the detection of pN2 disease.14 It
can distinguish betweenN0 andN1 disease with a sensitivity,
specificity, and negative predictive value of 76.2%, 100%,
and 96.2%, respectively.15 Even in patients without cN2
disease on imaging, systematic sampling via EBUS has a
pooled sensitivity of 49%, a pooled specificity of 100%, and a
mean negative predictive value of 91%.8 Because of its high
sensitivity and specificity and its less-invasive nature, EBUS
is now the recommended modality, over mediastinoscopy,
for evaluating the mediastinum in North America and
Europe.3,7

Additional techniques have been developed to further in-
crease the diagnostic yield of EBUS-FNA. EBUS-intranodal
forceps biopsy (EBUS-IFB) uses forceps through the
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FIG 1. (A) Preoperative CT scan demonstrating a spiculated 4.5-cm right upper lobe mass (white arrow) with ipsilateral mediastinal
lymphadenopathy (red arrow). (B) Corresponding positron emission tomography-CT scan showing hypermetabolic activity of the primary
tumor and mediastinal lymph nodes. CT, computed tomography.
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bronchoscope, under ultrasound guidance, to sample lung
lesions and lymph nodes.16 A recent meta-analysis showed
that EBUS-IFB increased the diagnostic yield of EBUS-FNA
from 67% for EBUS-FNA alone to 92% for EBUS-FNA with
EBUS-IFB.16 Esophageal endosonography has also been
used to supplement EBUS-TBNA; sensitivity increases from
72% for EBUS alone to 86% for EBUS and endosonography
used together.17 Given the importance of tumor genomic
analysis to guide the treatment of patients with NSCLC,
modalities used to biopsy the primary tumor and stage the
mediastinum must obtain sufficient tissue for these ana-
lyses. Multiple studies have shown that EBUS-FNA yields
enough cancer cells for polymerase chain reaction (PCR)
detection of common driver mutations in NSCLC. In a
prospective study, EGFR and ALK genotyping with EBUS
samples was successful in 99% of cases.18 Additionally, a
recent study found that a tissue surface area of ≥1 mm is
required for next-generation sequencing (NGS) and that
DNA sequencing with EBUS-FNA samples was successful in
84% of cases.19

An analysis of recent trends demonstrated that EBUS is
increasingly used for the evaluation of mediastinal lymph
nodes, compared with mediastinoscopy.20 This is a direct
result of the ASTER trial, an international randomized
controlled trial that compared (1) endosonography followed
by surgical staging in patients with negative findings on
endosonography and (2) surgical staging alone in patients
with resectable NSCLC and an indication for mediastinal
staging.21 The outcomeof interestwas the sensitivity of these
modalities to detect metastatic disease inmediastinal nodes.
Endosonography had a sensitivity of 85% to detect nodal
metastases, compared with 79% for mediastinoscopy. When
endosonography findings were negative, the addition of
subsequent mediastinoscopy increased sensitivity to 94%.
Furthermore, the combination of endosonography and
mediastinoscopy prevented unnecessary thoracotomy be-
cause of undetected mediastinal nodal metastases in one of
seven patients, compared with mediastinoscopy alone. The
authors concluded that (1) endosonography should be the
first-line approach for mediastinal nodal staging and that
(2) although the additional use of mediastinoscopy for pa-
tients with negative findings on endosonography increases
the sensitivity for the detection of nodal metastases from
85% to 94%, 11 patients would need to undergo media-
stinoscopy to identify one patient with mediastinal nodal
metastasis. Therefore, as noted by the authors in their
concluding remarks, negative findings on endosonography
should not routinely prompt mediastinoscopy. Finally, re-
cently published data from the ASTER trial demonstrated
equivalent 5-year survival between EBUS with media-
stinoscopy and mediastinoscopy alone for mediastinal
staging.22

A frequent clinical conundrum for the thoracic surgeon is the
approach for patients with clinically suspicious mediastinal
lymph nodes on imaging who have negative findings on
adequate EBUS. As noted, the European Society of Thoracic

Surgeons guidelines recommend mediastinoscopy after
negative findings on adequate EBUS.7 However, because of
the risks posed by an additional procedure and the potential
delay to curative resection, many have questioned whether
confirmatory mediastinoscopy is necessary. Two meta-
analyses have attempted to answer this question by look-
ing at rates of unforeseen N2 (uN2) disease found at the time
of surgical resection after EBUS with or without media-
stinoscopy. Bousema et al23 found that the rate of uN2
disease was 10% for both EBUS alone and EBUS with
mediastinoscopy. Furthermore, the complication rate as-
sociated with confirmatory mediastinoscopy was 6%, which
includes grade 3 or 4 complications in 1.9% of patients and
procedure-related death in 0.5% of patients. In addition,
Sanz-Santos et al24 found that the negative predictive value
of EBUS-TBNA was 79%, which increased to 97% with the
addition of confirmatory mediastinoscopy. However, the
number of patients needed to treat in this analysis was
substantial, at 23.8.

The results of the MEDIASTrial, published in the companion
to this article,25 represent the findings of the first multi-
center randomized controlled trial to investigate the
added value of performing a mediastinoscopy after neg-
ative findings on EBUS. This trial is an extension of the
ASTER study and involved many of the same groups of
patients from the Netherlands and Belgium.21 All patients
included in the study had resectable NSCLC and an indi-
cation for mediastinal nodal staging. The primary end
point of this noninferiority trial was the rate of uN2
disease on surgical pathology. After negative findings on
EBUS, patients were randomly assigned to undergo im-
mediate resection and lymph node dissection or confir-
matorymediastinoscopy followed by resection. The rate of
uN2 disease in the immediate resection cohort was 8.8%,
which was noninferior to the rate of 7.7% in the media-
stinoscopy cohort. Mediastinoscopy detected N2/3 disease
in 8.0% of patients; however, the additional procedure
delayed definitive surgical resection by an average of 10
days. Furthermore, although overall morbidity was not
significantly different between the approaches (12.9% for
immediate resection v 15.4% for mediastinoscopy first),
6.3% of patients undergoing mediastinoscopy had com-
plications as a direct result of the procedure. Three of
these patients had major complications, including 1 with a
postmediastinoscopy bleed requiring remediastinoscopy,
which eventually precluded the patient from curative
resection. Overall, the results of the MEDIASTrial show
that patients with an indication formediastinal staging for
NSCLC and negative findings on EBUS can forgo confir-
matory mediastinoscopy and proceed directly to surgical
resection.

OUR APPROACH TO MANAGEMENT

Our patient presented to the clinic with a 4.5-cm lungmass
concerning for malignancy. Given the tumor size and the
hypermetabolic mediastinal lymph nodes on PET-CT, the

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 41, Issue 22 | 3787

Saying Goodbye to Mediastinoscopy

http://ascopubs.org/journal/jco


patient underwent EBUS-FNA. Pathology from the 2R
lymph node revealed thyroid transcription factor 1–neg-
ative adenocarcinoma. PCR analysis identified no EGFR or
ALK alterations, but the tumor was PD-L1–positive at 20%.
The patient had clinical stage IIIA disease (cT2bN2M0)
according to the eighth edition of the American Joint
Committee on Cancer Staging Manual.26 After a multi-
disciplinary discussion and in accordance with National

Comprehensive Cancer Network guidelines, the patient
received two of a planned three cycles of neoadjuvant
pemetrexed, carboplatin, and nivolumab.2 The patient
developed a rash and hypersensitivity to the nivolumab;
thus, for the third cycle, she received chemotherapy only. A
restaging PET-CT showed no PET avidity in the medias-
tinal nodes and a reduction in the size of the mass, with a
mild decrease in SUVmax, from 15.6 before treatment to

A B

FIG 2. (A) Pretreatment PET-CT scan. (B) Restaging PET-CT scan after neoadjuvant chemotherapy and immunotherapy. PET-CT shows
resolution of the avidity in the mediastinal lymph nodes and decreased size and lower maximum standardized uptake value of the primary
tumor. PET-CT, positron emission tomography-computed tomography.
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FIG 3. Our institutional preoperative evaluation and treatment algorithm for resectable
non–small-cell lung cancer. CT, computed tomography; EBUS, endobronchial ultrasound;
FNA, fine-needle aspiration; PET, positron emission tomography.
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11.4 after treatment (Fig 2). The patient underwent an R0
right upper lobe lobectomy and complete mediastinal
lymph node dissection. Her final pathology was
ypT1aN0M0, with viable tumor present in 24% of the
specimen. Broad-panel NGS confirmed a KRAS G12D mu-
tation, mutations in KEAP1 and STK11, and a deletion in
SMARCA4. She received no adjuvant therapy, and her
follow-up CT scan at 6 months after surgery showed no
evidence of disease.

Our evaluation and treatment algorithm for resectable
NSCLC is shown in Figure 3. In this case, our patient had
positive findings on EBUS and therefore was referred for
neoadjuvant treatment before surgical resection. However,
if the result of her EBUS had been negative, we would not
have performed a confirmatory mediastinoscopy, but we
still would have considered neoadjuvant therapy because
of the size of the tumor. Immediate surgical resection,
likely with adjuvant therapy, would also have been a
reasonable approach. Historically, mediastinoscopy was
the primary invasive staging modality at our institution,
but during the past 15 years, we have moved almost
completely to EBUS-FNA for staging of suspicious N1/N2
nodes in patients with known or suspected NSCLC (Fig 4).
Mediastinoscopy is reserved for the uncommon situations
where EBUS-FNA results are inadequate for analysis
of lesional tissue or lymphocytes and where there remains
a strong clinical suspicion that N2 disease is present and
that confirmation of such would affect treatment

recommendations. More recently, we have transitioned to
robotic bronchoscopy combined with EBUS-FNA to
sample the primary tumor and stage the mediastinum,
respectively.27 Our group has also shown that this approach
secures enough tissue for PCR, NGS, and immunohisto-
chemistry.28 This approach spares the patient an additional
procedure, is cost-effective, and accelerates the imple-
mentation of a personalized care plan. Importantly, our
thoracic surgeons perform the majority of EBUS-FNA and
robotic bronchoscopy procedures on patients with NSCLC
who are potential surgical candidates.

We rarely restage the mediastinum with EBUS after neo-
adjuvant therapy if all disease is initially resectable and
continues to be believed to be so. Indications for potential
restaging of the mediastinum with EBUS-FNA are newly
identified N3 disease or, more commonly, new PET-avid
nodal disease. After neoadjuvant immunotherapy, the lat-
ter may represent true malignant progression, or it may be a
variant of radiographic pseudoprogression, termed nodal
immuneflare,whichmimics nodal disease progression but is
nonmalignant and primarily consists of noncaseating
granulomas on histology.29

In conclusion, the results of the MEDIASTrial reveal similar
rates of uN2 disease on surgical pathology with or without
confirmatory mediastinoscopy and support our practice
during the past decade of forgoing mediastinoscopy after
negative findings on EBUS.
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FIG 4. Trends in the use of mediastinoscopy and EBUS for mediastinal staging in patients with known or suspected lung
cancer at Memorial Sloan Kettering Cancer Center (2000-2022). EBUS, endobronchial ultrasound.
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