
Problematic Cases of 
Pathologic Diagnosis with 
Suspected Lung Cancer

부산대병원

호흡기알레르기내과

엄중섭



Introduction1

Problems in Molecular Diagnosis3

Diseases mimicking lung cancer4

Summary5

Contents

2 Problems in Pathological Diagnosis



Introduction
‒ Limitation of small biopsy in lung cancer



Sensitivity?

Specificity?

Accuracy

Imaging vs. Pathology

Biopsy site selection

Invasiveness

National insurance?

Cost

Best procedure for the pathological diagnosis?



위암 대장암



Easy cases for bronchoscopy or EBUS



Easy case for surgical diagnosis



Difficult cases for diagnosis

Peripheral lesion with 

structural destruction

Central lesion



Problems in Pathological Diagnosis
‒ Problematic cases in early lung cancer



Potential benefit Potential harms

Surgical wedge 

resection

▪ Prompt, definite diagnosis

▪ Proceed to lobectomy if frozen reveals 

malignancy

▪ Complications

‒ Pneumonia: 1-8%

‒ Persistent air leak: 3-5%

‒ Death: 0.5%
▪ Unnecessary surgery if  nodule is benign

CT guided 

needle lung 

biopsy (PCNA)

▪ Diagnostic yields

≤ 15 mm: ~70-80%

> 15 mm: ~90%

▪ Complications

‒ Bleeding: 1%

‒ Any pneumothorax: 15%

‒ Pneumothorax with chest tube: 7%

‒ Death: < 1%
▪ False negative: 10-30%

Peripheral

bronchoscopy

▪ Diagnostic yields

Fluoroscope-guide: ~30%

EBUS, ENB, VBN: 60-90%

▪ Complications

‒ Bleeding: 2-5%

‒ Any pneumothorax: 2-4%

‒ Death: < 1%
▪ False negative: 30-70%

Chest. 2013 May;143(5 Suppl):7S-37S.



Target 
lesion

Hurdles in real clinical practice

Complex anatomical structures

Lung destruction Respiratory movements

Respir Res. 2019 Aug 6;20(1):177. 

Airspace in Lung



Factors influencing biopsy

Radiology. 2018 Dec;289(3):831-840.

Location of adenocarcinoma Percentage

Central 35%

Peripheral 65%

Presence of emphysema in lung cancer Percentage

With COPD 76%

Without COPD 27%

AJR Am J Roentgenol. 2015 Sep;205(3):540-5.

Respir Res. 2019 Aug 6;20(1):177.

J Thorac Dis. 2018 Aug;10(6): 3829-3844. 

Respiration. 2021 Nov 19;1-7.

ILD incidences in lung cancer Percentage

Korea (1 study) 2%

Japan (11 studies) 5−24%

European countries (4 studies) 2−5%

VS.

CentralPeripheral



Complication following invasive procedure

Variables Odds ratio 95% CI

Thoracic surgery 7.70 5.48-10.81

Number of non-thoracic surgery procedures 1.49 1.15-1.92

Comorbidities

Chronic obstructive pulmonary disease 1.17 0.87-1.58

Dementia 3.91 1.79-8.52

Interstitial lung disease 0.29 0.10-0.88

Chest. 2022 Feb: S0012-3692(22)00397-X

• Retrospective cohort analysis of Veterans (N = 82,641)

• Subjects: Veterans with invasive procedure after LCS (n = 1,741)

Invasive procedure = bronchoscopy, transthoracic needle biopsy, mediastinoscopy, or lung resection.

LCS = lung cancer screening.



Complications after PCNA

Ann Intern Med. 2011 Aug 2;155(3):137-44.

Comorbid condition

Odds ratio for complication (95% CI)

Hemorrhage

(n = 163, 1%)

Any pneumothorax

(n = 2381, 15%)

Pneumothorax 

requiring chest tube

(n = 1047, 7%)

Ever smoker 1.13 (0.78−1.63) 1.37 (1.23−1.54) 1.50 (1.26−1.77)

COPD 1.61 (1.08−2.39) 1.88 (1.69−2.09) 2.52 (2.16−2.95)

Pleural effusion 6.32 (4.18−9.55) 1.04 (0.83−1.29) 1.09 (0.81−1.47)

• Cross-section study in USA (N = 15,865)

• Objective: To determine risks for complications after PCNA



Age distribution in lung cancer patients

PLoS One. 2021 Jan 28;16(1):e0246371.



VBN – Lung Point®

ENB – SuperDimension®

ENB – SPiNDrive®

Radial probe EBUS

▪ VBN▪ RP-EBUS

▪ ENB



Changes in number of procedures
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Respirology. 2017 Apr;22(3):443-453.



Case 1

• Male, 79 years old

• Never smoker 

Radial probe EBUSChest CT



Case 1

2019.11

Chest CT

2020.02

Chest CT

2020.8

Chest CT

2021.12

Chest CT

Non-small cell lung cancer

(TTF-1 focal positive, P40 positive)



Case 2

• Male, 62 years old

• Never smoker 

Initial chest CT PETRadial EBUS

Chronic 

inflammation

PCNA

Scanty 

cellularity

VATS

Chronic organizing 

pneumonia



Failed PCNA and its final diagnosis – US data

Korean J Radiol. 2019 Nov;20(11):1515-1526.

Final diagnosis (N =122) Percentage

Benign 64%

Malignancy

Primary lung cancer 28%

Metastasis 4%

Lymphoproliferative disease 4%



Failed PCNA and its final diagnosis – Chinese data

Final diagnosis (N = 40)
RP-EBUS

(n = 28)

PCNA

(n = 12)

Malignant

Adenocarcinoma 39% 42%

Large cell carcinoma 7% 8%

Adenocarcinoma 4% 0%

Metastatic carcinoma 4% 8%

Total 54% 58%

Benign

Tuberculosis 25% 25%

Fungal infection 11% 0%

Orgnanic pneumonia 7% 8%

Harmatoma 4% 0%

Infected cyst 0% 8%

Total 46% 44%

Oncotarget. 2018 Jan 4;9(19):15122-15131.



Which way is better?

Yields Limitations Favorable location Unfavorable factors

PCNA 90% Complications

Peripheral lesion, 

especially presence 

of pleural contract

Central lesion, 

Lower lobar location, 

Lung destruction

Transbronchial biopsy
• RP-EBUS

• ENB

70~80%
Medical resources, 

Affordability

Both central and 

peripheral lesions

Negative bronchus 

sign

Korean J Radiol. 2019 Nov;20(11):1515-1526.

Chest. 2009 Dec;136(6):1612-1617.

Thorac Cancer. 2020 May;11(5):1191-1201.

Chest. 2019 Nov;156(5):954-964.

Respirology. 2017 Apr;22(3):443-453.

Chest. 2020 Oct;158(4):1753-1769.



Problems in Molecular Diagnosis
‒ Problematic cases in advanced lung cancer



Targeted therapy or Immunotherapy for NSCLC 

NSCLC NCCN guidelines Version 2.2022



Case 3

• Male, 75 years old

• Never smoker 

Chest CT PET Radial probe EBUS



Case 3



Case 3

• Stage IV lung adenocarcinoma

• Pleural seeding metastasis

• EGFR mutation negative, ALK IHC negative

• PD-L1 SP263: 20%, PD-L1 22C3: 10%

• 2017.10~2018.01 1st line pemetrexed/cisplatin

• 2018.01~2018.05 pemetrexed maintenance

• 2018.06~2019.12 2nd line nivolumab



Case 3

2017.09

Chest CT

‒ Initial presentation

2019.12

Chest CT

‒ PD after 2nd line 

Nivolumab



Case 3

2020.01 Medical thoracoscopy

1 2 3

4 5



Case 3



Case 3

2017.09

Chest CT

‒ Initial presentation

2019.12

Chest CT

‒ PD after 2nd line 

Nivolumab

2020.07

Chest CT

‒ 6 month after 

Erlotinib treatment



Case 3

• 2017.10~2018.01 1st line pemetrexed/cisplatin

• 2018.01~2018.05 pemetrexed maintenance

• 2018.06~2019.12 2nd line nivolumab

• 2020.01 Medical thoracoscopy: EGFR mutation positive

• 2020.01~2021.06 3rd line erlotinib

• 2021.07~2021.08 4th line gemcitabine/carboplatin

• 2021.10~ 5th line lazertinib



EGFR mutations in Primary vs. Metastatic tumors

Metastatic lesions

Primary tumor

EGFR+ EGFR-

EGFR+ 35% 2%

EGFR- 4% 59%

J Thorac Oncol. 2013 Jul;8(7):823-59. 

Concordance of EGFR mutations in the same patients



Concordances of driver mutations

Specimens Correlation analysis

EBUS-GS Surgery
Agreement 

rate

Kappa

coefficient
P-value

EGFR mutation detected* 35/91 (38%) 38/91 (42%) 97% 0.931 < 0.001

ALK FISH positive 5/91 (5%) 5/91 (5%) 100% 1.000 < 0.001

PLoS One. 2019 Feb 26;14(2):e0212672.

• Retrospective study at PNUH between 2015 and 2017

• Study subjects: 91 patients with early stage lung cancer

• Small biopsy sample (EBUS-GS) vs. Surgical specimen

*PNA clamp



Case 4

• Female, 54 years old

• Never smoker 

• Chief complaints: dyspnea, weight loss

Chest X-ray Chest CT scan



Case 4

Bronchoscopy EBUS-TBNA

Adenocarcinoma

ALK IHC positive

Adenocarcinoma



Case 4

• Stage IV lung adenocarcinoma, ALK IHC positive

• Malignant pleural effusion, spine metastasis

• 2020.01~ alectinib



Case 4

2020.01 

Chest X-ray

2020.02 

Chest X-ray



Case 4

2020.01 

Chest CT

2020.02 

Chest CT



Case 4



Case 4

• Stage IV lung adenocarcinoma, ALK IHC positive

• Malignant pleural effusion, spine metastasis

• 2020.01~2020.02 alectinib

• 2020.02~ gefitinib



Case 4

2020.02 VATS adhesiolysis with pleurodesis



Case 4

ALK FISH NGS



Case 4

2020.01

Chest CT

‒ Initial presentation

2020.02

Chest CT

‒ 1 month after

Alectinib

2020.04 

Chest CT

‒ 2 month after

Gefitinib



Concordance between ALK IHC and ALK FISH

Results
ALK FISH

Positive

ALK FISH

Negative
Sensitivity Specificity Accuracy

ALK IHC

Positive 40% 3%

90% 95% 93%

Negative 5% 52%

J Thorac Oncol. 2014 May;9(5):631-8.

• Blind review of 103 NSCLC specimen (48 ALK FISH-positive cases)

• Overall agreement in 7 pathologists

• ALK IHC vs. ALK FISH



Concordance between ALK IHC and ALK FISH

Lung Cancer . 2019 May;131:62-68.

• ALK FISH vs. ALK IHC vs. NGS

• Study patients: 55 ALK positive patient confirmed by at least one test 



NGS sample requirements

From Foundation Medicine



Suitability of bronchoscopic samples for NGS

EBUS-GS

(small GS)

EBUS-GS

(large GS)
EBB EBUS-TBNA

Tumor concentration

≥ 30%
56% 52% 64% 36%

Tissue surface area

≥ 1 mm2 48% 79% 79% N/A

Diagnostics (Basel). 2021 Feb 25;11(3):391.

EBUS-GS = endobronchial ultrasound using guide sheath.

EBB = endobronchial biopsy.

EBUS-TBNA = endobronchial ultrasound-guided transbronchial needle aspiration.



Small bronchoscopic biopsy for NGS

Cancer Sci. 2019 Aug;110(8):2652-2657.

DNA yield RNA yield DV200 index



Transbronchial cryobiopsy for precision medicine

Cancer Sci. 2020 Jul;111(7):2488-2498.

Forceps biopsy Cryobiopsy



Transbronchial cryobiopsy for precision medicine

Cancer Sci. 2020 Jul;111(7):2488-2498.

1.9 mm-sized 

cryoprobe

Common 

forceps
P-value

Median sample size 15 mm2 2 mm2 < 0.01

Median DNA amount 1.6 μg 0.6 μg 0.02

Median DNA integrity number 3.1 2.4 < 0.01

Median RNA amount 0.6 μg 0.2 μg < 0.01

Median RNA integrity number 2.1 2.2 0.07

Successful whole-exome sequencing 90% 15% < 0.01

Successful RNA sequencing 75% 10% < 0.01



Case 5 

Chest CT scan Radial probe EBUS Cryobiopsy samples

1 ‒ Squamous cell carcinoma, 1.3x0.7 cm in size

2 ‒ Squamous cell carcinoma, 0.4x0.3 cm in size

1 2



NGS ‒ Tissue volume vs. Safety

The safer, the better.
The more, the better.

EBUS-TBNA 
or

TBB, PCNA

Cryobiopsy
Medical 

thoracoscopy
Endobronchial

biopsy



Benign diseases mimicking lung cancer
or

Lung cancer mimicking benign disease



Case 6

• Female, 79 years old

• Never smoker 

• Chief complaints: progressive dyspnea

BronchoscopyChest CT scan

Mid-trachea



Case 6

• Initial impression: Malignant mass in the central airway

• Plan: Rigid bronchoscopy

Admission day After CPR and ECMO



Case 6



Case 6

Before rigid bronchoscopy After rigid bronchoscopy + 

anti-TB treatment 1 months



Performance of CT and PET scans
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Case 7

• Male, 53 years old

• Current smoker without underlying disease 

• Chief complaints: lung nodules on abdomen CT



Case 7

Radial probe EBUS Fluoroscopy



Histologic findings in suspected lung neoplasm

Histologic diagnosis

(N = 2903) 
Percentage

Malignancy 93.3%

Infection 1.3%

Benign lesion 0.4%

Non-specific findings 5%

Support Care Cancer. 1997 Mar;5(2):90-3.



Pulmonary infections mimicking cancer

Support Care Cancer. 1997 Mar;5(2):90-3.

Type of infection (n = 37) Number (%)

Fungal 17 (46%)

Histoplasma capsulatum 8

Coccidioides immitis 6

Cryptococcus neoformans 2

Aspergillus fumigatus 1

Mycobacterial 10 (27%)

Mycobacterium tuberculosis 9

NTM 1

Type of infection (n = 37) Number (%)

Bacterial 8 (22%)

Pseudomonas spp. 3

Fusobacterium spp. 2

a-Hemolytic streptococci 2

Staphylococcus aureus 1

Enteobacter cloaceae 1

Parasitic 2 (5%)



Mycoses. 2014 Apr;57(4):197-208.

Paracoccidioides brasiliensis Histoplasma capsulatum

Cryptococcus neoformans Aspergillus fumigates



Case 8

• Male, 60 years old

• 40 PYs current smoker without underlying disease 

• Chief complaints: lung nodule found in routine checkup 

Chest CT



Case 8

‘Adjacent to’ image on 

radial probe EBUS

4mm thin scope 4mm thin scope1.5mm forceps
1.1mm cryoprobe

Pinpoint biopsy Cryobiopsy



Case 8

Pinpoint biopsy Cryobipsy

1 2

3

Chronic inflammation Chronic granulomatous inflammation

with necrosis

Tissue TB-PCR positive



Prevalence of TB in PLL 

Authors Year Region Desinge No. of lesion TB

Herth et al. 2002 Germany Prospective 50 4%

Shirakawa et al. 2004 Japan Prospective 50 4%

Kurimoto et al. 2004 Japan Prospective 150 8%

Herth et al. 2006 Germany Prospective 54 11%

Huang et al. 2009 Taiwan Retrospective 83 6%

Tamiya et al. 2013 Japan Prospective 68 4%

Oki et al. 2015 Japan Prospective 305 4%

PLoS One. 2021 Jan 28;16(1):e0246371.



Etiology of PLL in Korea 

PLoS One. 2021 Jan 28;16(1):e0246371.

Diagnosis using radial probe EBUS (N = 970) No. (%)

Lung cancer 71.4%

Pulmonary tuberculosis 3.2%

NTM lung disease 1.0%

Organizing pneumonia 1.0%

Fungal disease 0.6%

Metastasis from colon cancer 0.5%

Metastasis from breast cancer 0.4%



Factors associated with TB

Variables Odds ration (95% CI) P-value

Age (per year) 0.951 (0.924−0.978) 0.001

Difference in HU between pre- and 

post-enhancement image
0.976 (0.955−0.996) 0.022

Concentric cavitation 5.211 (1.447−18.759) 0.012

Satellite centrilobular nodule 22.925 (10.556−49.785) < 0.001

PLoS One. 2021 Jan 28;16(1):e0246371.



Case 9

• Female, 51 years old

• Never smoker without underlying disease 

• Chief complaints: incidental lung nodules 

Chest CT at initial presentation



Case 9

Initial CT 1 month after antibiotics



Case 9

Radial probe EBUS Fluoroscopy



Pulmonary sclerosing pneumocytoma

Thorac Cancer. 2016 Jul;7(4):508-11.



Wolf in sheep’s clothing



Summary

▪ Successful pathologic diagnosis

‒ Surgery vs. PCNA vs. Bronchoscopy

‒ Factors influencing biopsy (ex. CT findings, patient’s characteristic)

‒ Possible complications?

‒ False negative results in lung cancer patients? Careful F/U plan!

‒ Diseases mimicking lung cancer or Lung cancer mimicking disease

▪ Successful molecular diagnosis

‒ Possible false negative results of each driver mutation 

‒ Rebiopsy?

‒ NGS using appropriate tissue samples
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