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Abstract: Personalized treatment of metastatic non-squamous non-small cell lung cancer (NSCLC)
requires detailed molecular characterization of the tumour including detection of predictive driver
mutations and programmed death ligand 1 (PD-L1) expression. Complete detection is influenced
by the amount of tumour cells sampled as well as their quality. Different sampling techniques may
be necessary to provide sufficient tumour material for comprehensive molecular characterization.
Missing the detection of targetable molecular genetic aberrations would have a serious impact on the
quality of life and prognosis of a patient. This case report highlights the importance of biopsy tech-
nique in a patient with NSCLC. Several procedures—pleural puncture, transthoracic lung biopsy and
endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA)—could not provide
sufficient tumour material for precise tumour characterization. Only the addition of EBUS-guided
transbronchial lymph node cryobiopsy (EBUS-TBLNC) enabled complete immunohistochemical and
genetic tumour characterization, demonstrating PD-L1 expression in 100% of the tumour cells in the
absence of actionable genetic alterations. Based on these results, immunotherapy was initiated.
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1. Introduction

Mutational analysis and programmed death ligand 1 (PD-L1) expression are required
for personalized treatment of metastatic non-small cell lung cancer (NSCLC). The detec-
tion of a targetable driver mutation has prognostic and predictive relevance, giving the
patient the opportunity to receive highly effective first line targeted treatment with a ki-
nase inhibitor [1-3]. The better tolerability of these oral medications in comparison to
platinum-doublet chemotherapy and immunotherapy often allows for treatment of frail
patients or in the context of relevant comorbidities [4-6]. In the absence of a targetable
driver mutation or a contraindication to immunotherapy, the choice of first line treat-
ment for patients with NSCLC depends on PD-L1 expression. In particular, for patients
with a PD-L1 expression of >50%, Pembrolizumab or Cemiplimab monotherapy is the
standard of care, while platinum-based doublet chemotherapy should be added to Pem-
brolizumab or Atezolizumab in cases where PD-L1 < 50%. Therefore, precise molecular
and immunhistochemical characterization of metastatic NSCLC should be pursued with
maximal effort [7,8].

J. Clin. Med. 2023, 12, 2355. https://doi.org/10.3390/jcm12062355

https:/ /www.mdpi.com/journal /jem


https://doi.org/10.3390/jcm12062355
https://doi.org/10.3390/jcm12062355
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-6652-1947
https://orcid.org/0000-0001-5970-1803
https://orcid.org/0000-0002-9633-4042
https://orcid.org/0000-0002-0610-1959
https://doi.org/10.3390/jcm12062355
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12062355?type=check_update&version=1

J. Clin. Med. 2023, 12, 2355

2o0f4

Tissue sampling is affected by size and/or localization of tumour lesions, which may
result in insufficient biopsy samples, both in terms of quantity and quality. In cases of
mediastinal or hilar lymph node involvement, cytological specimens obtained by EBUS-TBNA
can often confirm malignancy [9], but cytological samples with low cellularity may not always
be suitable for precise immunocytochemical and molecular tumour characterization [10].

Endobronchial and transbronchial cryobiopsy can yield large tissue samples allow-
ing exact tumour characterization and may be superior to other biopsy techniques [11].
EBUS-TBLNC is a technically challenging diagnostic procedure, which requires exten-
sive endoscopic expertise and has only been reported in individual cases and first case
series [12-14].

We describe the case of a patient in whom several attempts of characterization of
a lung tumour by different sampling techniques (pleural puncture, transthoracic lung
biopsy, EBUS-TBNA) were unsuccessful due to low cellularity of the samples. Only
EBUS-TBLNC yielded sufficient tumour material for detailed immunohistochemical and
molecular tumour characterization and allowed to determine the optimal systemic therapy
for this patient’s non-squamous NSCLC.

2. Case Report

In an 83-year-old male former smoker (30 pack-years) with multiple comorbidities
but with a good performance status (ECOG 1), the work-up of a symptomatic left pleural
effusion led to the detection of a lung lesion in the left lower lobe accompanied by lym-
phangiosis, as well as discrete hilar and mediastinal lymphadenopathy. Drainage of the
pleural effusion revealed single cells of a thyroid transcription factor 1 (TTF-1)-positive pul-
monary adenocarcinoma. Further molecular analysis was not possible due to the scarcity
of tumour cells in the cyto spin. For further classification of the non-squamous NSCLC,
cytological material was obtained by EBUS-EBNA from mediastinal lymph nodes (LN)
in position 4L, the best accessible site according to the staging CT (Figure 1A). Despite
representative material according to rapid on-site evaluation of four TBNAs (each with
8-10 needle passes), no malignant cells were evident in the LN aspirate. A subsequent
CT guided transthoracic biopsy again yielded too few tumour cells for DNA and RNA
extraction for next generation sequencing (NGS). Due to the cardiovascular comorbidities
in our patient, the perioperative risk of mediastinoscopy was considered to be increased,
albeit low overall, and the patient refused the intervention. Liquid biopsy was deemed
unlikely to help in the detection or exclusion of actionable molecular alterations due to the
overall low systemic tumour load.

Therefore, we suggested tissue sampling with the aim of extracting solid tissue from
the mediastinal LN by EBUS-TBNLC. The patient was informed about potential side effects
and the limited experience with this technique. He agreed to undergo the procedure.

Under EBUS guidance, tunnelling through the bronchial wall in the direction towards
LN 4L was made using a monopolar electric needle knife (Figure 1A). A 1.1 mm cryoprobe
was introduced via the incisions into the LN (Figure 1B). After freezing for 7 s, several
biopsies were extracted in succession, with a combined size of 0.8 x 0.7 x 0.4 cm. Neither
bleeding nor any other acute or delayed periinterventional complications occurred.

Extensive infiltrates of TTF1 positive adenocarcinoma cells were seen (Figure 1C).
Molecular characterization by NGS, immunohistochemistry and FISH analysis revealed a
pathogenic TP53 mutation in exon 8, but no potentially targetable genetic alteration. How-
ever, tumour cells showed 100% reactivity to PD-L1 by Ventana SP263 assay (F. Hoffmann-
La Roche Ltd., Basel, Switzerland) (Figure 1D).

Based on these findings and the positive risk-benefit ratio, first-line PD-1-directed
therapy was initiated with Pembrolizumab as monotherapy [15-17]. Unfortunately, in-
tercurrent medical issues not related to the tumour or newly initiated treatment lead to
repeated hospitalizations. When the general condition of the patient declined to ECOG
PS3 the decision was made with the family to discontinue palliative immunotherapy. The
patient died due to complications of tumour progression five months after the first and only
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dose of Pembrolizumab. It is not known whether initially he responded to the treatment as
no further tumour assessments were performed.
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Figure 1. (A)—Coronal CT view of enlarged lymph node (LN) in LN position 4L; (B)—Endobronchial
ultrasound showing lymph nodes (LN) with introduced cryoprobe. During the freezing process,
the tip of the cryoprobe causes a sound shadow; (C)—Image of a EBUS-TBLNC sample showing
infiltrates of non-squamous non-small cell lung carcinoma in lymph node tissue; (D)—Programmed
death ligand 1 (PD-L1) immunohistochemistry showing strong membranous staining in 100% of
tumour cells (Ventana SP263 assay, F. Hoffmann-La Roche Ltd., Basel, Switzerland).

3. Discussion

We present a case in which, after several unsuccessful sampling attempts for NSCLC
characterization, EBUS-TBLNC succeeded in adequate tumour sampling for molecular
characterization, thereby allowing personalized treatment of the patient. EBUS-TBNLC
may contribute to optimized molecular workup of NSCLC in the future, thereby providing
important information for patient treatment.

Author Contributions: Conceptualization, ].H., M.P. and M.H.; methodology, ] H. and M.H.; vali-
dation, J.H. and M.H.; formal analysis, ].W., PJ., L.B. and P.K.B.; investigation, J.H.; data curation,
JW,, S.C.A,, P]., L.B. and PK.B.; writing—original draft preparation, J.H., L. AM. and M.H.;
writing—review and editing, ] H., L. A.M., S.C.A., P]J., M.P,, L.B., PK.B. and M.H.; visualization,
J.W. and P.K.B.; supervision, ].H. and M.H.; project administration, M.H. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.



J. Clin. Med. 2023, 12, 2355 4of4

Data Availability Statement: The datasets generated and analysed for this manuscript are not
publicly available, but may be available from the corresponding author on reasonable request.

Conflicts of Interest: ].H. and M.H. received personal fees from Erbe Elektromedizin GmbH for
bronchoscopy workshops. The other authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Zhou, C.; Wu, Y.L.; Chen, G.; Feng, |J.; Liu, X.-Q.; Wang, C.; Zhang, S.; Wang, J.; Zhou, S.; Ren, S.; et al. Final overall survival
results from a randomised, phase III study of erlotinib versus chemotherapy as first-line treatment of EGFR mutation-positive
advanced non-small-cell lung cancer (OPTIMAL, CTONG-0802). Ann. Oncol. 2015, 26, 1877-1883. [CrossRef] [PubMed]

Yang, ].C.H.; Schuler, M.; Sebastian, M.; Popat, S.; Yamamoto, N.; Zhou, C.; Hu, C.P,; O’'Byrne, K,; Feng, J.; Lu, S.; et al. Afatinib
versus cisplatin-based chemotherapy for EGFR mutation-positive lung adenocarcinoma (LUX-Lung 3 and LUX-Lung 6): Analysis
of overall survival data from two randomised, phase 3 trials. Lancet Oncol. 2015, 16, 141-151. [CrossRef] [PubMed]
Ramalingam, S.S.; Vansteenkiste, J.; Planchard, D.; Cho, B.C.; Gray, ].E.; Ohe, Y.; Zhou, C.; Reungwetwattana, T.; Cheng, Y.;
Chewaskulyong, B.; et al. Overall Survival with Osimertinib in Untreated, EGFR-Mutated Advanced NSCLC. N. Engl. ]. Med.
2020, 382, 41-50. [CrossRef] [PubMed]

Facchinetti, F.; Mazzaschi, G.; Barbieri, F,; Passiglia, F.; Mazzoni, E; Berardi, R.; Proto, C.; Cecere, FL.; Pilotto, S.; Scotti, V.; et al.
First-line pembrolizumab in advanced non—small cell lung cancer patients with poor performance status. Eur. J. Cancer 2020, 130,
155-167. [CrossRef] [PubMed]

Nosaki, K.; Saka, H.; Hosomi, Y.; Baas, P; de Castro, G.; Reck, M.; Wu, Y.-L.; Brahmer, ].R.; Felip, E.; Sawada, T.; et al. Safety
and efficacy of pembrolizumab monotherapy in elderly patients with PD-L1-positive advanced non-small-cell lung cancer:
Pooled analysis from the KEYNOTE-010, KEYNOTE-024, and KEYNOTE-042 studies. Lung Cancer 2019, 135, 188-195. [CrossRef]
[PubMed]

Elias, R.; Giobbie-Hurder, A.; McCleary, N.J.; Ott, P; Hodi, F.S.; Rahma, O. Efficacy of PD-1 & PD-L1 inhibitors in older adults: A
meta-analysis. |. Immunother. Cancer 2018, 6, 26. [CrossRef] [PubMed]

Griesinger, F.; Absenger, F.; Bleckmann, A.; Eberhardt, W.; Eichhorn, M.; Frith, M.; Gautschi, O.; Hilbe, W.; Hoffmann, H.; Huber,
R.M,; et al. Lungenkarzinom, Nicht-Kleinzellig (NSCLC). 2022. Available online: https://www.onkopedia.com/de/onkopedia/
guidelines/lungenkarzinom-nicht-kleinzellig-nsclc/@@guideline /html/index. htmI#IDOEGLAC (accessed on 10 January 2022).
Planchard, D.; Popat, S.; Kerr, K.; Novello, S.; Smit, E.E; Faivre-Finn, C.; Mok, T.S.; Reck, M.; Van Schil, PE.; Hellmann, M.D.; et al.
Metastatic non-small cell lung cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol.
2018, 29 (Suppl. S4), iv192-iv237. [CrossRef] [PubMed]

Cicek, T,; Ozturk, A.; Yilmaz, A.; Aktas, Z.; Demirag, F.; Akyurek, N. Adequacy of EBUS-TBNA specimen for mutation analysis
of lung cancer. Clin. Respir. ]. 2019, 13, 92-97. [CrossRef] [PubMed]

Yoshimura, K.; Inoue, Y.; Karayama, M.; Tsuchiya, K.; Mori, K.; Suzuki, Y.; Iwashita, Y.; Kahyo, T.; Kawase, A.; Tanahashi, M.; et al.
Heterogeneity analysis of PD-L1 expression and copy number status in EBUS-TBNA biopsy specimens of non-small cell lung
cancer: Comparative assessment of primary and metastatic sites. Lung Cancer 2019, 134, 202-209. [CrossRef] [PubMed]
Haentschel, M.; Boeckeler, M.; Ehab, A.; Wagner, R.; Spengler, W.; Steger, V.; Boesmueller, H.; Horger, M.; Lewis, R.A,;
Fend, F; etal. Cryobiopsy increases the EGFR detection rate in non-small cell lung cancer. Lung Cancer 2020, 141, 56-63.
[CrossRef] [PubMed]

Gershman, E.; Ikan, A.; Pertzov, B.; Rosengarten, D.; Kramer, M.R. Mediastinal “deep freeze”—Transcarinal lymph node
cryobiopsy. Thorac. Cancer 2022, 13, 1592-1596. [CrossRef] [PubMed]

Zhang, J.; Guo, J.-R,; Huang, Z.-S.; Fu, W.-L.; Wu, X.-L.; Wu, N.; Kuebler, WM.; Herth, FJ.; Fan, Y. Transbronchial mediastinal
cryobiopsy in the diagnosis of mediastinal lesions: A randomised trial. Eur. Respir. J. 2021, 58, 2100055. [CrossRef] [PubMed]
Genova, C.; Tagliabue, E.; Mora, M.; Aloe, T.; Dono, M.; Salvi, S.; Zullo, L.; Barisione, E. 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. BMC Pulm. Med. 2022, 22, 5. [CrossRef] [PubMed]

Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R; Cs6szi, T.; Fiilop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. N. Engl. ]. Med. 2016, 375, 1823-1833.
[CrossRef] [PubMed]

Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R.; Cs6szi, T.; Fiilop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Five-Year Outcomes with Pembrolizumab Versus Chemotherapy for Metastatic Non-Small-Cell Lung Cancer With PD-L1 Tumor
Proportion Score > 50%. J. Clin. Oncol. 2021, 39, 2339-2349. [CrossRef] [PubMed]

Zhou, C,; Li, M.; Wang, Z.; An, D.; Li, B. Adverse events of immunotherapy in non-small cell lung cancer: A systematic review
and network meta-analysis. Int. Immunopharmacol. 2021, 102, 108353. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1093/annonc/mdv276
http://www.ncbi.nlm.nih.gov/pubmed/26141208
http://doi.org/10.1016/S1470-2045(14)71173-8
http://www.ncbi.nlm.nih.gov/pubmed/25589191
http://doi.org/10.1056/NEJMoa1913662
http://www.ncbi.nlm.nih.gov/pubmed/31751012
http://doi.org/10.1016/j.ejca.2020.02.023
http://www.ncbi.nlm.nih.gov/pubmed/32220780
http://doi.org/10.1016/j.lungcan.2019.07.004
http://www.ncbi.nlm.nih.gov/pubmed/31446994
http://doi.org/10.1186/s40425-018-0336-8
http://www.ncbi.nlm.nih.gov/pubmed/29618381
https://www.onkopedia.com/de/onkopedia/guidelines/lungenkarzinom-nicht-kleinzellig-nsclc/@@guideline/html/index.html#ID0EGLAC
https://www.onkopedia.com/de/onkopedia/guidelines/lungenkarzinom-nicht-kleinzellig-nsclc/@@guideline/html/index.html#ID0EGLAC
http://doi.org/10.1093/annonc/mdy275
http://www.ncbi.nlm.nih.gov/pubmed/30285222
http://doi.org/10.1111/crj.12985
http://www.ncbi.nlm.nih.gov/pubmed/30582673
http://doi.org/10.1016/j.lungcan.2019.06.002
http://www.ncbi.nlm.nih.gov/pubmed/31319982
http://doi.org/10.1016/j.lungcan.2019.12.008
http://www.ncbi.nlm.nih.gov/pubmed/31955001
http://doi.org/10.1111/1759-7714.14422
http://www.ncbi.nlm.nih.gov/pubmed/35474417
http://doi.org/10.1183/13993003.00055-2021
http://www.ncbi.nlm.nih.gov/pubmed/33958432
http://doi.org/10.1186/s12890-021-01814-x
http://www.ncbi.nlm.nih.gov/pubmed/34996404
http://doi.org/10.1056/NEJMoa1606774
http://www.ncbi.nlm.nih.gov/pubmed/27718847
http://doi.org/10.1200/JCO.21.00174
http://www.ncbi.nlm.nih.gov/pubmed/33872070
http://doi.org/10.1016/j.intimp.2021.108353
http://www.ncbi.nlm.nih.gov/pubmed/34883352

	Introduction 
	Case Report 
	Discussion 
	References

