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Abstract 

Background: Endobronchial ultrasound-guided transbronchial needle aspiration is a minimally invasive and effec-
tive sampling approach for patients with mediastinal or hilar lymphadenopathy. Increased recognition of the ultra-
sonographic features revealed the value of its images in predicting mediastinal lymph node malignancy. However, 
its diagnostic validity and the predictive value of its ultrasonographic features have not been demonstrated well in 
patients after systemic anti-tumor therapy. This study aimed to evaluate the efficiency of endobronchial ultrasound-
guided transbronchial needle aspiration in patients with suspicious lymph nodes after anti-tumor therapy.

Methods: We retrospectively reviewed cases of endobronchial ultrasound-guided transbronchial needle aspira-
tion performed between January 2019 and August 2021 at a single tertiary hospital center. Patients with suspected 
mediastinal or hilar lymph nodes within 5 years of systemic anti-tumor therapy were enrolled. Final diagnoses were 
determined by pathologic diagnoses of samples from transbronchial needle aspiration, surgery, or follow-up for at 
least 6 months. Ultrasonographic features were analyzed to assess the predictive value of malignant lymph nodes 
after treatment.

Results: Overall, 168 lymph nodes of 138 patients were analyzed. Among 110 (65.5%) malignant lymph nodes, 75 
originated from lung cancers; the other 35 were from other malignancies. No complications related to endobronchial 
ultrasound-guided transbronchial needle aspiration were observed. Of 58 negative results of transbronchial needle 
aspiration, 51 were proven to be true negatives; 7 were false. The overall sensitivity and the negative predictive value 
were 94.02% and 87.93%, respectively. Univariate and multivariate analysis revealed the absence of central hilar struc-
ture and short axis > 10 mm as independent predictive factors for malignancy.

Conclusions: Endobronchial ultrasound-guided transbronchial needle aspiration performs satisfactorily in diagnos-
ing mediastinal and hilar lymphadenopathy even after anti-tumor treatment.
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Background
Currently, increasingly more patients with various malig-
nancies benefit from anti-tumor therapy and have longer 
survival. After treatment of the primary tumor, some 
patients may display a suspiciously enlarged intrathoracic 
lymph node (LN) due to metastasis or recurrence of the 
primary tumor or a secondary tumor, as well as benign 
diseases. To decide on a treatment regimen, the cause of 
the lymphadenopathy needs to be identified. Especially in 
lung cancer, neoadjuvant therapy is introduced for bet-
ter prognosis. In certain cases, immunotherapy can cause 
enlargement of the intrathoracic LNs, like immunological 
reactions [1]. If the status is misdiagnosed as progress, 
treatment might be interrupted or abandoned. Thus, 
identifying LN status and obtaining high-quality samples 
are increasingly gaining relevance in clinical practice.

The effectiveness and safety of endobronchial ultra-
sound-guided transbronchial needle aspiration (EBUS-
TBNA) has been well demonstrated in various clinical 
settings [2–7]. Increasingly more targeted treatments 
and immunotherapies are available; the need for mini-
mally invasive sampling procedures like EBUS-TBNA 
before and after treatment, or even during treatment, 
has also significantly increased [4, 5, 8–11]. However, 
few studies have depicted the diagnostic yield and safety 
of EBUS-TBNA in patients with previously treated can-
cer, especially those with non-lung malignancies. For 
this subgroup, LN status is extremely important because 
pathological diagnosis is pivotal for management but 
the majority of patients may not have the opportunity 
or will to undergo additional surgery only for specimen 
acquisition. EBUS-TBNA sampling plays a crucial role 
in pathological diagnosis and molecular testing. Moreo-
ver, increased recognition of ultrasonographic features 
revealed their predictive value for malignancy; several 
models or scores have been developed to guide clini-
cians towards better sampling and understanding of the 
positive or negative pathology [12–17]; however, after 
anti-tumor treatment, few feature characteristics are 
described or analyzed.

This study aimed to evaluate the use of EBUS-TBNA in 
patients with suspicious LNs after anti-tumor therapy for 
lung cancer or other malignancies.

In the present study, data of patients with enlarged 
mediastinal or hilar LNs who underwent EBUS-TBNA 
between January 2019 and August 2021, at a single ter-
tiary hospital center within 5  years after systemic anti-
tumor therapy, were retrospectively reviewed. During 

EBUS, ultrasonographic features, including short axis, 
margin, central hilar structure (CHS), round shape, and 
necrosis, were identified and recorded in real-time. The 
diagnostic value of EBUS for these LNs after treatment 
was investigated. In addition, the predictive value of the 
EBUS features was assessed for malignancy.

Patients and methods
Patients with suspected intrathoracic LNs who had 
undergone any systemic anti-tumor therapy because of 
any malignancy within 5 years were enrolled from Janu-
ary 2019 to August 2021. EBUS was performed by three 
experienced endoscopists, mainly under surface anesthe-
sia. Rapid on-site cytological evaluation was unavailable. 
EBUS features were described in medical documents 
during the procedure before the pathology results were 
revealed.

Patient selection
The inclusion criteria were as follows: (i) previously 
underwent systemic anti-tumor therapy within 5  years; 
(ii) suspected intrathoracic LN malignancy by clinical 
observation (Computed tomography (CT) scanning with 
contrast and/or positron emission tomography (PET)). 
The detailed criteria was: (i) the short diameter of the 
lymph node ≥ 1 cm or necrosis of lymph nodes (CT scan-
ning); (ii) the SUVmax ≥ 2.5 (PET/CT); (iii) successful 
EBUS-TBNA with a pathological result; (iv) if EBUS-
TBNA specimen was negative, additional specimen was 
acquired by surgery (VATS surgery, thoracotomy or 
mediastinoscopic surgery), or no progress was observed 
in a 6-month clinical and radiological follow-up (either 
CT or PET/CT as clinically needed) without changing 
current treatment regimen.

EBUS‑TBNA procedure
All patients empty stomach (nil by mouth) for at least 4 h 
before undergoing EBUS-TBNA. Routinely surface anes-
thesia (2% lidocaine saline solution inhalation for 20 min 
before the procedure and timely spraying as needed dur-
ing the procedure) was used. If the patient could not tol-
erate EBUS, general anesthesia was administered. First, 
the bronchoscope (BF-UC260F-OL8, Olympus, Tokyo, 
Japan; EB-530US, Fujifilm, Tokyo, Japan) was inserted 
into the trachea and bronchial tree through the nostrils 
or mouth. After scope insertion, lidocaine saline solution 
was sprayed onto the mucosa of the airway for anesthesia 
as needed.

Keywords: Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA), Post treatment, 
Ultrasonographic feature, Lymphadenopathy
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After identifying the targeted LNs, ultrasound images 
were saved and features described. Punctures by a 22- or 
25-gauge needle, approximately 1–3 times( in rare cases 
a maximum of 5 punctures if the specimen was not suf-
ficient), were needed to aspirate enough samples, which 
were smeared on 2–4 slides and collected in a bottle that 
containedcytopreservation solution. The core tissue was 
then expelled into a bottle containing 40% neutral buff-
ered formalin for histological examination, while the 
remaining aspirate and other needle passages were used 
for cytological examination.

All patients or their families provided written informed 
consent prior to any medical examination or treatment. 
This study was approved by the Beijing Cancer Hospital 
Research Ethics Committee and conducted according to 
the guidelines of the Declaration of Helsinki.

Statistical analysis
Validity of EBUS‑TBNA for previously treated LNs
Sensitivity, negative predictive value (NPV), specific-
ity, and positive predictive value (PPV) were calculated 
using standard formulae. Prior to EBUS-TBNA, radio-
logical evaluation, such as contrast CT and/or PET was 
conducted for the mediastinal and/or hilar LNs. Final 
diagnoses were carefully affirmed; positive results were 
determined by pathology reports of EBUS-TBNA speci-
mens. Malignant TBNA pathology would not need con-
firmation by a follow-up surgery. Negative reports were 
confirmed using specimens from mediastinoscopy, 
surgery, or a at least 6-month clinical and radiological 
follow-up.

No EBUS-TBNA procedure-related complications 
such as pneumothorax, mediastinal abscess, or excessive 
bleeding, were observed during this study.

Predictive value of the ultrasonographic features 
in previously treated LNs
The LN was used as the unit of analysis. Quantifiable 
variables are presented as mean ± standard deviation, 
or number (percentage). Categorical variables are ana-
lyzed using Pearson’s Chi-square analysis. Several ultra-
sonographic features which were suggested as predictive 
factors (margin, CHS, small axis length, and small axis 
length to long axis length) are included.

Univariate binary logistic regression and multivari-
ate logistic regression was completed (significance level 
p < 0.05).

Results
Patients’ characteristics
Between January 2019 and August 2021, a total of 168 
LNs of 138 patients who underwent EBUS-TBNA met 
the inclusion criteria.

As shown in Table 1, 138 patients were finally enrolled 
in this study. The mean age of patients was 59.44 years 
(range: 23 to 77) (standard deviation, 10  years); 85 
patients (61.6%) were male and 53 (38.4%) were female. 
Overall, 168 LN stations were sampled: stations 7 and 4 
were the most common sites.

The final pathological diagnosis was malignancy in 
110 (65.5%) LNs; 75 LNs were diagnosed with lung 
cancer. Other malignancies revealed in 35 patients 
included colon and rectal adenocarcinoma [5], esoph-
ageal cancer [3], Squamous cell carcinoma (SCC) of 
head and neck [5], cervical carcinoma [5], breast can-
cer [4], prostatic cancer [2], liver cancer [4], renal can-
cer [3], malignant melanoma [2], hemangiopericytoma 
[1], and thymic SCC [1] (Table  2). Benign causes of 
LN enlargement were found in 51 LNs. Pathology with 
granuloma was classified as sarcoid-like, which might 
consist with tuberculosis, sarcoidosis and sarcoid-like 
reaction. Another 7 LNs with negative results were 
defined as false negatives, which were not confirmed by 
surgery. After multidisciplinary discussions held by cli-
nicians from the thoracic surgery, radiology, respiratory 
oncology, and pathology departments in the hospital, 
the LNs were strongly suspected to be malignant and 
treatment was changed; hence, we cannot define them 
as negative.

Overall, the sensitivity, specificity, NPV, and PPV 
were 94.02%, 100%, 87.93%, and 100%, respectively 
(Table 2).

Table 1 Patient demographics and biopsied LNs characteristics

Patient or LN characteristics Study sample

No. of patients 138

No. of LNs 168

Age, year

 Median 59.44

 Range 23–77

Sex

 Male 85

 Female 53

Radiology

 Chest CT scan 144

 PET-CT 22

Frequency of biopsied LN stations

 7 46

 4R 62

 4L 21

 10–11R 25

 10–11L 12

 Others 2



Page 4 of 7Yan et al. BMC Pulmonary Medicine          (2022) 22:470 

The ultrasonographic features used were according to 
previous definitions as follows [13]:

1. Absence of a CHS in the LN: a missing flat, central, 
echogenic structure in the LN.

2. Short axis > 10  mm: presence of a small axis length 
greater than 10 mm.

3. Well-defined margins: > 50% echogenic line delimit-
ing the LN.

4. Presence of central necrosis: presence of a central 
hypoechoic structure in the LN.

5. Round shape: the ratio of the long and small axis 
being less than 1.5.

Pearson’s Chi-square analysis was used to assess cat-
egorical variables. Univariate binary logistic regression 
was completed for each ultrasonographic feature. Among 
the features, CHS, margin and short axis were significantly 
predictive of malignancy (p < 0.05). Multivariate analysis 
revealed CHS and short axis to be independent factors of 
malignancy (Tables 3, 4, and 5).

Table 2 EBUS-TBNA performance of the suspect LNs

† SCC: Squamous cell carcinoma
‡ AC: Adenocarcinoma
§ SCLC: Small cell lung cancer
※ NSCLC: Non small cell lung cancer
¤ Surveillance: No progress after at least 6 months follow-up without changing 
of treatment

Sensitivity 94.02%

Specificity 100%

NPV 87.93%

PPV 100%

Final diagnosis

 Malignant

Other malignancies 35

Colon and rectal adenocarcinoma 5

Esophageal cancer 3

SCC† of head and neck 5

Cervical carcinoma 5

Breast cancer 4

Prostatic cancer 2

Liver cancer 4

Renal cancer 3

Malignant melanoma 2

Hemangiopericytoma 1

Thymic  SCC† 1

Lung cancer 75

AC‡ 30

SCC† 18

SCLC§ 12

NSCLC※ 10

Others 5

Benign 51

Sarcoid-like 11

Surveillance¤ 27

Surgery 13

Table 3 EBUS features presence in malignant and benign lymph 
nodes

*: p < 0.05 defined as of statistical significance

Ultrasonographic feature Malignant Benign Pearson 
 X2 value

p value

Central hilar structure

 Presence 9 (45.0) 11 (55.0) 6.52 0.011*

 Absence 108 (73.0) 40 (27.0)

Short axis

 < 10 mm 15 (48.4) 16 (51.6) 8.12 0.004*

 ≥ 10 mm 102 (74.5) 35 (25.5)

Margin

 Ill-define 98 (67.1) 48 (32.9) 3.35 0.067

 Well-define 19 (86.4) 3 (13.6)

Central necrosis

 Absence 112 (69.6) 49 (30.4) 2.16 0.323

 Presence 5 (100.0) 0 (0.0)

Round shape (long axis/short axis)

 ≥ 1.5 29 (38.3) 29 (61.7)

 < 1.5 88 (72.7) 33 (27.3) 0.163

Table 4 Univariate analyse for ultrasonographic features with 
logistic regression

*: p < 0.05 defined as of statistical significance

Ultrasonographic feature OR SE Z score p value 95% CI

Central hilar structure 3.3 1.60 2.46 0.014* 1.27–8.56

Short axis 3.1 1.27 2.77 0.006* 1.39–6.93

Margin 3.1 2.00 1.75 0.080 0.87–11.00

Round shape 0.6 0.22 −1.39 0.165 0.30–1.23

Table 5 Multivariate analyse for ultrasonographic features with 
logistic regression

*: p < 0.05 defined as of statistical significance

Ultrasonographic feature OR SE Z score p value 95% CI

Central hilar structure 2.83 1.49 1.97 0.049* 1.01–7.95

Short axis 2.24 0.66 2.75 0.006* 1.26–3.98

Margin 3.00 2.03 1.63 0.103 0.80–11.27
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Discussion
It is well established that the status of thoracic LNs has 
an important impact on treatment decision for patients 
with lung cancer. EBUS-TBNA is recommended as an 
effective and minimally invasive tool in the mediastinal 
and hilar assessment during initial diagnosis. However, 
other tumors and benign diseases also cause enlargement 
of the thoracic LNs. Especially after anti-tumor systemic 
treatment, it is difficult to determine the cause of the LN 
changes, the result of metastasis of primary tumors, a dif-
ferent lung cancer, or benign diseases such as tuberculo-
sis and sarcoidosis. There are also reports on lung cancers 
developing resistance to molecular-targeted therapeutic 
agents through the expression of resistant mutations or 
even histological transformations after initial treatment 
[18, 19]. Clarifying the etiologies of lymphadenopathy is 
crucial to the choice of treatment. With the application 
of immunotherapy, some scholars observed sarcoid-like 
granulomatosis of the mediastinal LN as an immune 
response [1, 20], even suggesting an improved over-
all survival [1]. In our series, a patient suffered multi-
ple mediastinal LN enlargements after immunotherapy. 
After EBUS-TBNA, cytology revealed a response to ther-
apy. These findings illustrate the importance of obtaining 
a tissue diagnosis when imaging reveals enlarging LNs 
after anti-tumor treatments, as the differential diagnosis 
includes benign entities, such as sarcoid-like reactions, 
in addition to disease progression. Endobronchial ultra-
sound-guided sampling can help rule out malignant lym-
phadenopathy and minimize interruptions in treatment. 
However, in our series the most commonly occurring 
reason for LN enlargement was malignancy. The majority 
were LNs of lung cancer metastasis (75 LNs) and other 
malignancies (35 LNs) including colon and rectal adeno-
carcinoma, esophageal cancer, SCC of head and neck, 
cervical carcinoma, breast cancer, prostatic cancer, liver 
cancer, renal cancer, malignant melanoma, hemangioper-
icytoma, and thymic SCC.

The diagnostic value of EBUS for these LNs after treat-
ment is not well demonstrated. In this study, the data of 
168 LNs from 138 patients who underwent EBUS-TBNA 
were collected, and the sensitivity, specificity, NPV, and 
PPV were 94.02%, 100%, 87.93%, and 100%, respec-
tively. The negative results were confirmed by surgery 
or more than 6  months of follow-up. If no further pro-
gress (enlargement) was observed during the 6-month 
follow-up without changing treatment regimen, it was 
confirmed to be truly negative. For non-tumor patients, 
a longer follow-up may be a better choice; however, for 
patients with definite tumors, a longer follow-up inter-
val might be influenced or misled by many other factors, 
resulting in a confusing analysis. Overall, for the follow-
up duration, we chose 6  months in accordance with 

other clinicians [21]. EBUS-TBNA in patients with previ-
ously treated lung cancer has been reported as effective, 
although the number of patients was limited [18, 22, 23]. 
Our result confirmed the high diagnostic yield of EBUS-
TBNA for LNs post treatment, which is even higher than 
for LNs without any anti-tumor treatment.

Our series had a larger volume and included patients 
with lung cancer and other diseases, thus confirm-
ing a wider applicability of EBUS-TBNA. The proce-
dures in our study were mainly performed in outpatient 
units; patients left the endoscopy center two hours after 
the procedure. No major or minor complications were 
observed in our series. This also proved the safety and 
practical value of EBUS-TBNA.

EBUS is not only concerned with the acquisition of 
specimens. Diagnostic value of endobronchial ultrasono-
graphic features as a supplement to pathology diagnosis 
has attracted increasing attention in recent years [12, 15, 
24]. EBUS-TBNA aims to gain enough sample to identify 
potential malignancy; meanwhile, the image acquired 
using EBUS-TBNA provides clinical information. There 
are often multiple LNs within the same nodal station, 
and EBUS may aid in determining the most suspicious 
LN, thus guiding the selection of LNs for TBNA during 
the process. In this way, EBUS features are thought to 
help improve the efficiency of biopsy. In addition, for a 
negative result or insufficient sample, ultrasonographic 
features have a complementary diagnostic value [25]. 
Through this procedure, clinicians may obtain valu-
able information that will aid in deciding how to pro-
ceed, which may mean further investigation including a 
repeated EBUS-TBNA or attempt to gain more tissue, or 
wait-and-observe. Many studies have explored various 
ultrasonographic features to find the optimal predictive 
model for noninvasive diagnosis of LNs using EBUS; for 
example, the Canada Lymph Node Score for prediction 
of malignancy in mediastinal LNs during endobronchial 
ultrasound. In a variety of multimodal analytic meth-
ods, as previously reported, EBUS ultrasonographic fea-
tures, including CHS, margin, short axis, shape (round 
shape), coagulation necrosis sign/central necrosis, have 
relatively accurate predictive values for malignancy [12, 
13, 15, 24]. Moreover, these factors are the most com-
monly conducted ones, with the gray scale mode. Other 
potential tools include elastography features and blood 
flow/vascularity pattern [12, 15]. Several scores or grade 
classifications including the Canada Lymph Node Score 
[13], vascular image patterns grade [16], and elastography 
grading [14, 26] were proposed, and real-world validation 
confirmed the usefulness [25].

After anti-tumor treatment, the LN may change, thus 
affecting ultrasonographic features. The predictive value 
of ultrasonographic features is not well explored. During 
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our study, because of another study, we recorded the 
ultrasonographic features during EBUS process; hence, 
we collected and documented these data. In this retro-
spective study, the records of these image features were 
almost immediately obtained. In clinical settings, the 
simpler the features are, the better. Hence, we chose the 
simple ones with high interobserver-agreement, which 
could be obtained from gray mode. For these characteris-
tics, we carried out univariate and multivariate analyses. 
The round shape is defined as long axis/short axis ratio of 
less than 1.5 [12]. In the univariate analysis, CHS, mar-
gin and short axis showed significant statistical difference 
(p < 0.05). In multivariate analysis, CHS and short axis 
showed statistically significant difference.

On this basis, EBUS images still have certain predic-
tive value for LNs after treatment. Independent factors 
related to malignancy are CHS and short axis. Com-
pared with previous reports about image characteristics 
of LNs, it seems that image divergence between benign 
and malignant LNs is smaller after treatment. So for 
suspicious LNs after treatment we should rely more on 
sampling. Without doubt, the pathological results of 
specimens for untreated LNs are irreplaceable in deter-
mining the nature of LNs.

For negative EBUS-sampling pathologies, if EBUS fea-
tures could be taken into account, interruption or delay 
in treatment caused by repeated investigations might 
be avoided. Specimens with a negative pathologic result 
obtained by EBUS-TBNA were likely to be true-nega-
tive findings as reported by many scholars [27–29], and 
the EBUS-false-negative had a favorable survival that 
was similar to that of true-negative patients [30]. In our 
case, besides the surgery patients, four of the EBUS-
negative(sonographic negative) patients had repeated 
EBUS-TBNA and remained negative. After at least 
6 months, there was no progress observed in radiologic 
findings. Considering NPV of EBUS-TBNA sampling, 
in patients with negative pathology and low-risk image 
features, instead of ceasing or changing therapeutic regi-
men, more conservative approaches might be considered 
even after previous therapy for the tumor. In contrast, all 
the sonographic findings of all 7 false negative cases con-
tained 2 or 3 suspicious features for malignancy.

As a minimally invasive procedure, EBUS-TBNA could 
be conducted in outpatient settings. As per our study, 
considering its efficacy, EBUS-TBNA could be applied 
more aggressively after or during anti-tumor therapy. 
Thus, by helping rule out malignant lymphadenopathy 
and minimize interruptions in treatment, or quickly dis-
cover resistance to initial treatment, EBUS-TBNA could 
be more widely applied to improve patient outcomes.

The present study had some limitations. It was a single 
institution analysis and the results were based on a small 

number of samples. In clinical practice, some questions 
are not clearly confirmed. For example, the false negative-
cases (7 lymph nodes of 6 patients) were not confirmed by 
surgery or other procedures thus no positive specimen was 
obtained. Multi-center prospective trials will be needed to 
support the efficacy of EBUS-TBNA for the repeated eval-
uation of recurrence as well as treatment effectiveness dur-
ing the course of cancer treatment.

Conclusion
EBUS-TBNA for patients with previously treated cancer 
showed a high diagnostic yield and was found to be safe. 
With the increasing need of tissue for managing optimal 
treatment, EBUS-TBNA after or during the course of treat-
ment could play a more active role. Ultrasonographic fea-
tures like CHS and short axis are potential independent 
factors related to malignant lymphadenopathy. Recogniz-
ing specific imaging features could help clinicians in deci-
sion-making especially under negative TBNA situations. 
Larger prospective investigations are needed to confirm 
the NPV of EBUS-TBNA after treatment for malignancies.
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