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Abstract 

Background: The management of non-small cell lung cancer (NSCLC) has become increasingly complex due to the 
evolution of personalized medicine approaches. Such approaches are characterized by the necessity of adequate 
tumor samples; hence, improved biopsy techniques are needed. Transbronchial lung cryobiopsy is a novel endo-
scopic procedure designed to collect peripheral pulmonary tissue, and it is currently employed in interstitial lung 
diseases. The use of this technique in oncology might result in improved mediastinum staging and molecular charac-
terizations; however, available data involving the use of a cryoprobe on mediastinal lymph nodes are still limited.

Case presentation: Here we present a series of five consecutive patients who underwent endoscopic assessment 
of mediastinal lymph nodes for oncologic reasons. All patients were subjected both to endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS TBNA) and cryobiopsy of mediastinal lymph nodes during the same 
procedure, and no complications were observed. In three of the reported cases, both cryobiopsy and cell block from 
EBUS TBNA were positive, while in one case cryobiopsy was not diagnostic and EBUS TBNA was negative; moreover, 
one case showed discordance between the procedures, as cryobiopsy was negative and cell block obtained from 
multiple stations was diagnostic for small cell lung cancer. In one case involving a patient treated for lymphoma, 
cryobiopsy provided more complete histologic characterization, and in another case involving a patient affected by 
NSCLC cryobiopsy provided more material for molecular analyses.

Conclusion: This case presentation series suggests that cryobiopsy, which has been generally used on peripheral 
lung lesions so far, is a feasible and safe approach for diagnosis and staging of mediastinal lymph nodal involvement, 
especially when station 7 is involved. Compared to EBUS TBNA, cryobiopsy might provide more adequate histological 
samples, with a possible impact on molecular characterizations and, therefore, therapeutic decisions. However, the 
learning curve of the procedure has not to be understated and optimal protocols for implementing this technique are 
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Background
The management of thoracic malignancies, and more 
specifically lung cancer, has become increasingly com-
plex throughout the last decade; for instance, proper 
molecular characterization of tissue samples is now 
pivotal in the therapeutic approach to non-small cell 
lung cancer (NSCLC). The notion that a correct histo-
logical characterization is needed for the most appro-
priate chemotherapy regimen is widely acknowledged, 
as some agent are more or less effective according to 
the histologic sub-type, such as pemetrexed, which 
is employed only in non-squamous NSCLC [1]. Fur-
thermore, additional analyses are currently considered 
mandatory for the management of advanced NSCLC. 
On one side, the expression of the ligand of pro-
grammed death protein 1 (PD-L1) is needed for deter-
mining the sensitivity to immune checkpoint blockade 
[2]; on the other side, molecular alterations of an 
increasing number of potential oncogenic drivers must 
be assessed in order to identify those patients who are 
potential candidates for targeted therapy [3].

Notably, collecting adequate tumor samples for diag-
nosis and molecular analyses might be difficult, espe-
cially when the only accessible source of material is 
represented by mediastinal lymph nodes, which are 
usually approached by endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS TBNA). 
This procedure is also used for mediastinal staging, 
with high impact on therapeutic decisions when lymph 
nodal involvement is suspected. Indeed, lymph nodal 
staging might result critical in multidisciplinary deci-
sions for locally advanced NSCLC patients, who might 
be selected for neoadjuvant approaches or chemo-radi-
ation, based on lymph nodal findings. Unfortunately, 
EBUS TBNA is occasionally hampered by limited or 
inadequate samples, thus requiring re-biopsies or 
additional diagnostic procedures such as mediastinos-
copy when probability of malignity remains high [4]. 
While mediastinal lymph nodal characterization is 
critical in lung cancer, the utility of invasive mediasti-
nal assessment is not limited to this disease, as other 
malignancies with thoracic involvement, including also 
lymphomas, might require this approach.

Cryobiopsy is an endoscopic technique mostly used 
in the diagnostic approach to interstitial lung disease, 
based on rapid cooling, crystallization, and subsequent 
collection of tissue. Since cryobiopsy allows to retrieve 

more material than EBUS TBNA, its use might result 
in more precise diagnosis, better lymph nodal staging, 
and wider molecular characterization.

Here we present a series of five consecutive patients 
who underwent both cryobiopsy and EBUS TBNA for 
diagnostic and staging purposes during the work-up 
for thoracic malignancies at our Institution. The clini-
cal characteristics of the patients and the findings at 
bronchoscopy with EBUS TBNA and cryobiopsy are 
reported in Table 1.

Case presentation
Patient selection and procedure
The following case presentation series includes five 
consecutive patients selected with the following 
criteria:

1. Proven or suspected malignancy, either of solid or 
hematologic origin.

2. Mediastinal lymph nodes with greater diame-
ter ≥ 2 cm.

3. Necessity to undergo endoscopic mediastinal assess-
ment for diagnosis, staging or molecular characteri-
zation, according to current practice.

4. Willingness to undergo cryobiopsy in addition to 
EBUS TBNA.

The eligible patients underwent EBUS with the BF-
UC190F® bronchoscope (Olympus Medical Systems) 
under deep sedation with propofol and midazolam 
after signing informed consent. The procedure was per-
formed by a pulmonologist with multi-year experience 
in endoscopic procedures, developed in a department 
with high number of yearly EBUS TBNA. After identi-
fication of suitable lymph nodes at EBUS, the pulmo-
nologist performed TBNA with 19-gauge needle in the 
stations of interest (3 samplings for each station). Sub-
sequently, the operator inserted the 1.1 mm cryoprobe 
(Erbe cryo®) in one station of interest. After freezing 
for 4 s, the operator extracted in toto the bronchoscope 
with the frozen sample attached to the tip of the cryo-
probe, and the sample was thawed with saline solu-
tion. Cryosampling was performed twice. Each patient 
was monitored for any complication and subsequently 
discharged from the hospital on the same day of the 
procedure.

needed. In our opinion, further studies designed to integrate the routine use of cryobiopsy in current practice for solid 
and eventually hematologic tumors with mediastinal lymph node involvement are warranted.

Keywords: Cryobiopsy, EBUS TBNA, Lung cancer, Lymph node, Mediastinum, Case report, Case presentation
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Case 1
Patient D.M., male, aged 53, has been affected by grade 
3A follicular non-Hodgkin’s lymphoma since January 
2018. Since February 2018, the patient received multiple 
lines of chemotherapy, as it follows: R-CHOP (rituximab 
plus cyclophosphamide, doxorubicin, vincristine, and 
prednisone), followed by maintenance with rituximab 
alone; DHAOX (rituximab, dexamethasone, high-dose 
cytarabine, and oxaliplatin) followed by CD-34 apheresis 
and autologous cell transplant. In June 2020, a fluorode-
oxyglucose positron emission tomography (FDG-PET) 
scan showed disease progression at multiple lymph nodal 
stations: 8R, 4R and 7 (SUV max 32,5), 10R and 11R 
(SUV max 32.5).

The patient underwent EBUS on July 7th, 2020, with 
evidence of dimensionally increased lymph node in sta-
tion 7. EBUS TNBA smear showed small lymphocytes 
in the absence of atypical cellular elements; the cell 
block obtained from EBUS TBNA on station 7 revealed 
an immunological finding consistent with type B lym-
phoproliferative neoplasia; cryobiopsy on lymph node 
station 7 showed high expression of CD20 and rare CD3 
elements. No complications were reported after the pro-
cedure. The cryobiopsy sample was compatible with dis-
ease evolution to diffuse large B-cell lymphoma. Based on 
these findings, the patient received rituximab plus ben-
damustine and was subsequently treated with infusion of 
chimeric antigen receptor-T (CAR-T) cells.

Case 2
Patient G.M., male, aged 73, was admitted to our Institu-
tion due to persistent fever and chills, characterized by 
spontaneous resolution and associated with sweating. In 
February 2020, the patient underwent FDG-PET scan, 
which showed hilar-mediastinal lymphadenopathies in 
the following sites: 4R (SUV max 3.4), 10R (SUV max 
6.3), 10L (SUV max 6.3) and 7 (SUV max 5.2).

During the diagnostic work-up, elevated angiotensin 
converting enzyme (ACE) was detected (> 120 U/L), lead-
ing to differential diagnosis between sarcoidosis and a 
lymphoproliferative disorder.

Based on these findings, an EBUS was performed on 
July 17th, 2020. At ultrasound, dimensionally increased 
lymph nodes were detected at station 4L, 4R and 7. Bron-
cho-aspiration revealed alveolar macrophages capturing 
anthracotic pigment. The EBUS TBNA smears of sta-
tions 4L, 4R and 7 were negative for neoplastic elements; 
cell block was obtained from EBUS at stations 4R and 
station 7, and anthracotic histiocytes were detected in 
station 7. Cryobiopsy performed on station 7 was nega-
tive for neoplastic or lymph nodal elements, and hence 
the procedure was considered non-diagnostic due to 

inadequate sample. No complications were reported after 
the procedure.

In September 2020, a follow-up FDG-PET scan 
revealed persistent lymph node uptake at paratracheal 
site, tracheobronchial angle, right lung hilum and sub-
carinal station. Based on persistent fluorodeoxyglucose 
uptake, a mediastinoscopy was performed with confir-
mation of anthracotic cells and sinus histiocytes at sta-
tion 2R and 4R in the absence of lymphoproliferative 
elements or granulomas.

Case 3
Patient V.M., male, aged 51, was affected by diffuse 
bilateral pulmonary fibrosis due to systemic sclerosis 
since 2000. In February 2021, due to worsened cough, 
the patient underwent a chest high resolution (HR) 
computerized tomography (CT) scan, which showed a 
nodule (max diameter: 27 mm) at lower right lobe, lym-
phadenopathies in station 7 (40 × 25  mm), station 2R 
(26 × 27  mm) and station 10R (25 × 28  mm), as well as 
osteo-structural alterations at right III, IV and V ribs. An 
FDG-PET scan confirmed metabolic activity of the nod-
ule in the lower right lobe (SUV max 6.5), III right rib 
(SUV max 3.5), right sacral wing (SUV max 11.6), lymph 
node stations 3 (SUV max 7.2) and station 7 (SUV max 
8.2).

On March 5th, 2021, the patient underwent EBUS 
and ultrasound revealed increased lymph node size at 
4L, 4R and 7. We collected smears on stations 4L and 
7 and a cryobiopsy on station 7. The histologic report 
of the EBUS TBNA (March 13th, 2021) on station 4L e 
7 showed an exiguous amount of NSCLC cells possibly 
deriving from squamous cell lung cancer; the cryobiopsy 
on station 7 was diagnostic for squamous cell lung cancer 
and included enough material for comprehensive molec-
ular characterizations. No complications were reported 
after the procedure.

Although the histological report of the cryobiopsy was 
compatible with squamous histology, we nonetheless 
performed molecular analyses for detection of action-
able oncogenic drivers, due to the young age and lim-
ited smoking history. The molecular report (March 25th, 
2021), however, was negative for currently actionable 
drivers and we identified low expression of programmed 
death protein 1 ligand (PD-L1). Subsequently, the patient 
underwent first-line chemotherapy with carboplatin-
paclitaxel until disease progression and ultimately death.

Case 4
Patient M.I., male, aged 66, underwent a chest CT scan 
on December 29th, 2020, during hospitalisation for Sars-
CoV-2 infection. The exam showed an incidental finding 
of bilateral pleural effusion and right lower lobe lesion 
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(52 × 44  mm). Thus, the patient underwent lung needle 
biopsy on March 3rd, 2021, with the histopathological 
diagnosis of a squamous cell carcinoma of the lung (PD-
L1 55–60%). Subsequently, the patient underwent radio-
logical staging with CT scan of brain, chest and abdomen 
and FDG-PET, which confirmed the presence of a single 
lesion in the right lower lobe and detected mediastinal 
lymphadenopathies (up to 45 × 20  mm; SUV max up 
to 4.0) in stations 4R and 7. No distant metastases were 
detected.

On April 14th, 2021, the patient underwent EBUS 
for the purpose of mediastinal staging. At ultrasound, 
increased lymph nodes were detected at station 4L, 4R 
and 7. Cytoaspiration from stations 4L, 4R and 7 and 
cell block from stations 4R and 7 were performed. Both 
cytoaspiration and cell block were negative for neoplastic 
cells. Cryobiopsy was performed at station 7, with no evi-
dence of tumour cells. No complications were reported 
after the procedure.

The patient was not candidate for surgery due to 
impaired pulmonary function. Furthermore, imaging 
and metabolic findings at FDG-PET were inconsistent 
with the histologic report of bronchoscopy, and medias-
tinoscopy could not be proposed because of the afore-
mentioned pulmonary function, limiting the possibility 
of definitive confirmation or exclusion of lymph nodal 
involvement, as proposed by ESMO guidelines [5].

Based on the persistent suspect of lymph nodal involve-
ment, the patient was considered affected by stage III, 
unresectable squamous NSCLC and thus he underwent 
sequential chemo-radiation, including platinum-based 
chemotherapy for three cycles, followed by thoracic irra-
diation with inclusion of stations 4R, 4L, and 7. After 
completing chemo-radiation, before starting any mainte-
nance treatment, the patient underwent response evalu-
ation with a chest-abdomen CT-scan, which showed 
disease progression due to the appearance of new pulmo-
nary lesions, distant from the radiation field. Hence, the 
patient started receiving pembrolizumab as single agent 
for metastatic disease.

Case 5
Patient B.G, male, aged 77, was admitted to our Institu-
tion on April 21th, 2021, for accidental trauma and per-
sistent lumbosacral pain. After admission, he underwent 
lumbosacral column magnetic resonance imaging (MRI) 
with the accidental finding of altered signals at multiple 
vertebral somas (D12, L2, L4). Therefore, an FDG-PET 
scan was performed on May 5th, 2021, showing multi-
ple metabolically active mediastinal lymph nodes and 
bone lesions at D11, D12, L2 and L4 (SUV max 4.7) and 
in pelvis (SUV max 3.1). In order to obtain a histopatho-
logical diagnosis, the patient underwent EBUS TBNA on 

May 20th, 2021. The ultrasound probe revealed lymph 
node stations with increased volume and dishomogene-
ous structure at stations 4R, 7, 10R and 11R. Smears from 
EBUS TBNA were negative; however, cell block obtained 
from station 10R and station 7 was diagnostic for small 
cell lung cancer (SCLC). Notably, cryobiopsy performed 
on station 10R did not demonstrate the presence of 
tumour cells, in contrast with cell block. No complica-
tions were reported after the procedure.

Based on the histology and disease stage, the patient 
received first-line treatment with carboplatin, etoposide 
and atezolizumab for 4 cycles followed by maintenance 
therapy with atezolizumab, which was ongoing with dis-
ease control at the last follow-up in October 2021.

Discussion and conclusion
The proper characterization of mediastinal lymph nodes 
during the work-up for thoracic malignancies or lym-
phoproliferative disorders is currently a critical element 
in terms of diagnosis and staging. On one hand, medias-
tinal lymph nodes might represent the most easily acces-
sible disease site in many cases of lung cancer, including 
both NSCLC and SCLC; on the other hand, mediastinal 
lymph nodes might represent the only site of disease, 
as it may be observed in lymphoproliferative disorders. 
Hence, the collection of adequate samples from mediasti-
nal lymph nodes might be mandatory for the correct his-
tologic diagnosis and, in the case of some solid tumors, 
for a comprehensive molecular characterization, which is 
not required for diagnosis, but is critical for therapeutic 
decisions.

Indeed, with specific regard to NSCLC, the number 
of potentially actionable oncogenic drivers is constantly 
increasing. While the first acknowledged driver was the 
epidermal growth factor receptor (EGFR), novel biomark-
ers of therapeutic interest are emerging, thus requiring 
increasing quantity of tumor tissue for testing multiple 
biomarkers at once. This is especially relevant consider-
ing the role that next generation sequencing (NGS) is 
acquiring in current clinical practice. More specifically, 
some potential oncogenic drivers such as EGFR, anaplas-
tic lymphoma kinase (ALK), c-Ros oncogene 1 (ROS-1), 
and V-raf murine sarcoma viral oncogene homolog B 
(BRAF) are considered mandatory targets for molecu-
lar testing. However, current guidelines for the manage-
ment of NSCLC agree that all the patients affected by 
non-squamous NSCLC and those affected by squamous 
NSCLC but with light/no smoking history should be 
considered for comprehensive molecular panels, not lim-
ited to the aforementioned genes. Indeed, the increas-
ing availability of effective molecular therapies directed 
towards novel targets, such as Mesenchymal–Epithelial 
Transition factor (MET), Rearranged during Transfection 
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(RET), Neurotrophic Tyrosine Kinase (NTRK), and 
Kirsten Rat Sarcoma viral oncogene (KRAS), and the evo-
lution of molecular sequencing technologies demand for 
extensive analyses. In this context, the tissue collected at 
diagnosis needs to be adequate both in terms of quantity 
and quality, in order to prevent repeated procedures [6].

Furthermore, recent advances in the management of 
locally advanced NSCLC associated with the availability 
of maintenance with durvalumab after chemo-radiation, 
as well as chemo-immunotherapy combinations in the 
neoadjuvant setting, have led to renewed interest in the 
approach to stage III NSCLC. In this scenario, adequate 
mediastinal lymph nodal staging is critical in determin-
ing whether a patient with stage III NSCLC due to medi-
astinal, non-bulky, lymph nodal involvement, should 
be considered potentially resectable after neoadjuvant 
chemotherapy or whether a chemo-radiation approach, 
eventually followed by maintenance with the immune 
checkpoint inhibitor durvalumab, should be considered. 
Noteworthy, in the latter case, adequate tissue for PD-L1 
expression analysis might be required, according to the 
current registration of durvalumab in Europe [6].

While EBUS TBNA has proven extremely valuable for 
endoscopic diagnosis and mediastinal staging in NSCLC 
and other thoracic malignancies, it occasionally provides 
a limited sample, inadequate for comprehensive analy-
ses or even for diagnostic purposes. Furthermore, when 
lymphoproliferative disorders are involved, the lack of 
histologic information severely limits the usefulness of 
EBUS TBNA. In solid tumors, the collection of limited 
samples might result troublesome, especially when the 
only accessible lesions are mediastinal lymph nodes or 
when the correct identification of lymph nodal metas-
tases is required to define the oncologic approach for 
each patient, such as defining the extension of a locally 
advanced NSCLC for inclusion in chemo-radiation 

regimens. Hence, novel diagnostic techniques for appro-
priate lymph nodal sampling are warranted.

Cryobiopsy is a relatively novel endoscopic technique 
designed to approach the region of interest by freez-
ing and collecting a more adequate amount of tissue 
with negligible complications [2, 3]. This procedure has 
recently become a diagnostic cornerstone for interstitial 
lung disease [9]. Retrospective data on a small subset of 
cancer patients suggest that cryobiopsy performed on 
peripheral lesions might provide more adequate samples 
for NGS compared to EBUS TBNA on mediastinal sta-
tions, allowing to analyze more genes (p = 0.024) [10]. 
Nonetheless, its use in the transbronchial approach to 
mediastinal lymph nodes in cancer management is still 
limited, possibly due to the need of specific training for 
developing adequate skill in both endoscopy and cryobi-
opsy. To date, another case series, including 4 patients, 
suggests the feasibility and safety of cryobiopsy for medi-
astinal lymph nodes, and its consistency with EBUS 
TBNA [11].

Our case series includes patients for which endoscopic 
mediastinal assessment was crucial for diagnostic or 
staging reasons, and who underwent both EBUS TBNA 
and cryobiopsy during the same endoscopic procedure. 
The lymph nodes approached by cryobiopsy in each case 
are reported in Fig.  1, while an example of cryobiopsy 
sample from case 3 is reported in Fig. 2 and microscopy 
fields at original magnification 20 × are reported in Addi-
tional file 1: figures A, B, C. In the first case, the patient 
was affected by lymphoma and endoscopic approach was 
required to verify a shift towards a more aggressive his-
tology and hence modulate antineoplastic treatment. In 
this case, EBUS TBNA was itself positive for lymphoma 
cells, but cryobiopsy allowed a more precise characteri-
zation, which demonstrated the development of a diffuse 
large B cell lymphoma. In the second case, the patient 

Fig. 1 Relevant scans of the lymph nodal stations approached with cryobiopsy in each case presentation
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underwent bronchoscopy to rule out a diagnostic sus-
pect of lymphoproliferative disorder or sarcoidosis. EBUS 
TBNA was negative, while cryobiopsy was not diagnostic; 
a subsequent mediastinoscopy, performed for persistence 
of diagnostic suspect at metabolic imaging, confirmed 
the endoscopic findings.

In the third case, bronchoscopy was performed in 
order to provide molecular characterization of NSCLC; 
in this case, EBUS TBNA provided an exiguous sam-
ple, whereas cryobiopsy provided enough tissue for a 
precise histologic diagnosis and subsequent molecular 
characterization.

In the fourth case, bronchoscopy was required for 
mediastinum staging and both cryobiopsy and EBUS 
TBNA were consistently negative; nonetheless, the 
investigated stations were included in the radiation field 
during sequential chemo-radiation. Notably, disease pro-
gression occurred in different sites, and no lymph nodal 
progression was observed.

In the fifth case, cryobiopsy and cell block were not 
consistent, and the latter provided diagnosis of SCLC, 
while cryobiopsy was negative. In this case, we observed 
that cell block was obtained from multiple mediastinal 
lymph node, while cryobiopsy was performed only on 
one station. Furthermore, this is the only case where 10R 
station was approached by cryobiopsy, while the other 
cases involved station 7. This finding suggests that the 
learning curve for cryobiopsy may vary among different 
stations, and sub-carinal lymph nodes represent a more 
easily approachable target for anatomic reasons.

Based on the global observations of our case presenta-
tion series, we believe cryobiopsy is a safe and feasible 
diagnostic and staging approach to mediastinal lymph 
nodal sampling in thoracic malignancies, although the 
procedure should be reserved to experienced operators 
in order to be effective.

At present time, while the required expertise is being 
developed, one possible approach might be based on the 

conjunction of cryobiopsy and EBUS TBNA within the 
same procedure. In first place, adding the cryobiopsy to 
standard EBUS TBNA does not appear to increase dis-
comfort or risks related to the procedure, at least based 
on our experience and the recent series published by 
Gonuguntla et  al. [11]. In second place, the simultane-
ous use of cryobiopsy and EBUS TBNA might result in 
more informative sample collection, as cryobiopsy allows 
to obtain actual histologic samples, potentially more 
informative on tumor architecture and with more mate-
rial for comprehensive molecular analysis than cytologic 
samples, while at the same time EBUS TBNA can be eas-
ily performed on multiple lymph nodal stations at the 
same time, allowing to approach stations which might be 
difficult to access with cryobiopsy. Finally, the concord-
ance between EBUS TBNA and cryobiopsy might allow 
to increase the accuracy of the whole procedure by limit-
ing the risk of false negatives.

In conclusion, cryobiopsy is a promising technique 
to explore mediastinal lymph node stations, although 
at present time, while expertise on the procedure and 
proper lymph node selection is being acquired, the most 
effective approach appears to include both EBUS TBNA 
and cryobiopsy. In our opinion, prospective studies 
designed to integrate the routine use of cryobiopsy in 
current practice for thoracic malignancies with medias-
tinal lymph node involvement are highly warranted, as 
they might improve the procedure and ultimately result 
in increasing personalization of antineoplastic treat-
ments by providing more adequate tumors samples.

Abbreviations
ALK: Anaplastic lymphoma kinase; BRAF: V-raf murine sarcoma viral oncogene 
homolog B; CT-scan: Computerized tomography scan; EBUS TBNA: Endobron-
chial ultrasound-guided transbronchial needle aspiration; EGFR: Epidermal 
growth factor receptor; FDG-PET: 18-Fluorodeoxyglucose positron emission 
tomography; FISH: Fluorescence in situ hybridization; IHC: Immunohistochem-
istry; KRAS: Kirsten rat sarcoma viral oncogene; MET: Mesenchymal–epithelial 
transition factor; NGS: Next generation sequencing; NSCLC: Non-small cell 
lung cancer; NTRK: Neurotrophic tyrosine kinase; PD-L1: Programmed death 
protein ligand 1; RET: Rearranged during transfection; ROS-1: C-Ros oncogene 
1; SCLC: Small cell lung cancer.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12890- 021- 01814-x.

Additional file 1. Microscopy fields from the case 3 cryobiopsy.

Acknowledgements
The authors wish to thank the patients for their participation in this study.

Authors’ contributions
CG and LZ enrolled the patients and developed the main manuscript. ET and 
TA participated to sample collections through cryobiopsy and performed 
literature review. MM performed hystopathological characterization of the 

Fig. 2 Bioptic sample collected through cryobiopsy

https://doi.org/10.1186/s12890-021-01814-x
https://doi.org/10.1186/s12890-021-01814-x


Page 8 of 8Genova et al. BMC Pulmonary Medicine            (2022) 22:5 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

tumor specimens and provided histological diagnosis. MD and SS performed 
molecular biology analyses on the tissue specimens. EB prescribed the proce-
dures, participated to sample collection through cryobiopsy as main operator 
and provided critical revisions to the manuscript. In addition, all the authors 
revised and approved the final version of the manuscript.

Funding
No funding was specifically provided for the development of this manuscript. 
However, the authors wish to thank the Italian Ministry of Health (5 × 1000 
funds; Ricerca Corrente) and Bristol-Myers-Squibb (CA209-828), which pro-
vided grants in support to our research in thoracic malignancies. The funding 
bodies played no role in the design of the study and collection, analysis, and 
interpretation of data and in writing the manuscript.

Availability of data and materials
No additional support data (including raw data) have been generated for the 
development of this manuscript, due to its nature of case report. Full data, 
including complete CT scans and microscope images, are held by Prof. Carlo 
Genova (carlo.genova@hsanmartino.it) and available upon request.

Declarations

Ethics approval and consent to participation and publication
The authors confirm they obtained explicit written informed consent from 
each patient for undergoing the procedure. Since the procedure was not 
performed within a clinical trial, no Ethics approval was required.

Consent for publication
Written informed consent was obtained from the patients for publication of 
this Case Series and any accompanying images. A copy of the written consent 
is available for review by the Editor of this journal. In all the cases, the consent 
was obtained from the patient himself/herself; more specifically, in Case 3 the 
consent was obtained from the patient himself while he was alive.

Competing interest
CG received honoraria from Astra Zeneca, Boehringer-Ingelheim, Bristol-
Myers-Squibb, Merck Sharp & Dohme, Roche; additionally, he received 
research funds from Bristol-Myers-Squibb. EB received honoraria from 
Boehringer-Ingelheim, GlaxoSmithKline, Chiesi Farmaceutici. The other 
authors declare no conflict of interest.

Author details
1 UOC Clinica Di Oncologia Medica, IRCCS Ospedale Policlinico San Martino, 
Genova, Italy. 2 Dipartimento Di Medicina Interna E Specialità Mediche (DiMI), 
Facoltà Di Medicina E Chirurgia, Università Degli Studi Di Genova, Genova, 
Italy. 3 UOC Pneumologia Interventistica, IRCCS Ospedale Policlinico San 
Martino, Genova, Italy. 4 UOC Anatomia Patologica, IRCCS Ospedale Policlinico 
San Martino, Genova, Italy. 5 UO Diagnostica Molecolare, IRCCS Ospedale Poli-
clinico San Martino, Genova, Italy. 6 UOC Oncologia Medica 2, IRCCS Ospedale 
Policlinico San Martino, Genova, Italy. 

Received: 8 July 2021   Accepted: 20 December 2021

References
 1. Rossi G, Alama A, Genova C, Rijavec E, Tagliamento M, Biello F, Coco S, Dal 

Bello MG, Boccardo S, Grossi F. The evolving role of pemetrexed disodium 
for the treatment of non-small cell lung cancer. Expert Opin Pharmaco-
ther. 2018;19:1969–76. https:// doi. org/ 10. 1080/ 14656 566. 2018. 15367 46.

 2. Indini A, Rijavec E, Grossi F. Circulating biomarkers of response and toxic-
ity of immunotherapy in advanced non-small cell lung cancer (NSCLC): 
a comprehensive review. Cancers (Basel). 2021. https:// doi. org/ 10. 3390/ 
cance rs130 81794.

 3. Paver E, O’Toole S, Cheng XM, Mahar A, Cooper WA. Updates in the 
molecular pathology of non-small cell lung cancer. Semin Diagn Pathol. 
2021. https:// doi. org/ 10. 1053/j. semdp. 2021. 04. 001.

 4. Barisione E, Salio M, Romagnoli M, Praticò A, Bargagli E, Corbetta L. Com-
petence in transbronchial cryobiopsy. Panminerva Med. 2019;61:290–7. 
https:// doi. org/ 10. 23736/ S0031- 0808. 18. 03567-X.

 5. Eberhardt WEE, Ruysscher DD, Weder W, Péchoux CL, Leyn PD, Hoffmann 
H, Westeel V, Stahel R, Felip E, Peters S, et al. 2nd ESMO consensus confer-
ence in lung cancer: locally advanced stage III non-small-cell lung cancer. 
Ann Oncol. 2015;26:1573–88. https:// doi. org/ 10. 1093/ annonc/ mdv187.

 6. Metastatic non-small-cell lung cancer. Eur Soc Med Oncol. 2020, 71.
 7. Franke K-J, Nilius G, Ruehle K-H, Enderle MD, Linzenbold W, von Weyhern 

CH. The cryo-needle: a new tool for histological biopsies. A Feasibility 
Study. Lung. 2013;191:611–7. https:// doi. org/ 10. 1007/ s00408- 013- 9502-4.

 8. Yarmus LB, Semaan RW, Arias SA, Feller-Kopman D, Ortiz R, Bösmüller H, 
Illei PB, Frimpong BO, Oakjones-Burgess K, Lee HJ. A randomized con-
trolled trial of a novel sheath cryoprobe for bronchoscopic lung biopsy in 
a porcine model. Chest. 2016;150:329–36. https:// doi. org/ 10. 1016/j. chest. 
2016. 01. 018.

 9. Raghu G, Lederer DJ, Rabe KF. Cryobiopsy for interstitial lung disease: the 
heat is on. Am J Respir Crit Care Med. 2019;199:1183–4. https:// doi. org/ 
10. 1164/ rccm. 201903- 0682ED.

 10. Tone M, Inomata M, Awano N, Kuse N, Takada K, Minami J, Muto Y, 
Fujimoto K, Kumasaka T, Izumo T. Comparison of adequacy between 
transbronchial lung cryobiopsy samples and endobronchial ultrasound-
guided transbronchial needle aspiration samples for next-generation 
sequencing analysis. Thorac Cancer. 2021;12:251–8. https:// doi. org/ 10. 
1111/ 1759- 7714. 13770.

 11. Gonuguntla HK, Shah M, Gupta N, Agrawal S, Poletti V, Nacheli GC. 
Endobronchial ultrasound-guided transbronchial cryo-nodal biopsy: a 
novel approach for mediastinal lymph node sampling. Respirol Case Rep. 
2021;9: e00808. https:// doi. org/ 10. 1002/ rcr2. 808.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1080/14656566.2018.1536746
https://doi.org/10.3390/cancers13081794
https://doi.org/10.3390/cancers13081794
https://doi.org/10.1053/j.semdp.2021.04.001
https://doi.org/10.23736/S0031-0808.18.03567-X
https://doi.org/10.1093/annonc/mdv187
https://doi.org/10.1007/s00408-013-9502-4
https://doi.org/10.1016/j.chest.2016.01.018
https://doi.org/10.1016/j.chest.2016.01.018
https://doi.org/10.1164/rccm.201903-0682ED
https://doi.org/10.1164/rccm.201903-0682ED
https://doi.org/10.1111/1759-7714.13770
https://doi.org/10.1111/1759-7714.13770
https://doi.org/10.1002/rcr2.808

	Potential application of cryobiopsy for histo-molecular characterization of mediastinal lymph nodes in patients with thoracic malignancies: a case presentation series and implications for future developments
	Abstract 
	Background: 
	Case presentation: 
	Conclusion: 

	Background
	Case presentation
	Patient selection and procedure
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	Discussion and conclusion
	Acknowledgements
	References


