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Hx of Lung Cancer  Screening

• Chest PA

• Chest PA + sputum cytology

• Tumor marker
• CEA(Carcinoembryonic antigen), SCC Ag(Squamous cell carcinoma antigen), CYFRA 21, Neuron specific enolase

• LDCT(low-dose chest CT)

Am J Respir Crit Care Med 1997;133:320
Respir Med 1995;89:587



RCTs on LDCT screening for lung cancer



N Engl J Med 2011;365:395-409.



NLST

• Relative reduction in lung cancer mortality
• 20% (95% CI, 6.8 to 26.7; P=0.004)

• Relative reduction in any cause mortality
• 6.7% (95% CI, 1.2 to 13.6; P=0.02)

N Engl J Med 2011;365:395-409.





폐암검진 검사항목, 검진비용, 대상자 및 검사방법

구분 검사항목 검진비용
(분류번호)

대상자 검사방법

폐암 1. 저선량 흉부CT 
검사

만 54-74세, 30갑년 
이상 흡연력을 가진 
폐암 발생 고위험군

16열 이상의 CT검사 장비를 이용하여 
3.0mGy 이하의 방사선량으로 1.5mm 미만
절편 두께로 검사를 시행하여야 한다.

-촬영 및 판독료
-Full PACS

HA434
방사선영
상 진단료

-해당 연도 전 2년내 
일반건강검진(생애전
환기 건강검진 포함) 
또는 건강보험 금연치
료 참여자의 흡연력 
문진표로 흡연력이 확
인되는 자

저선량 흉부CT 검사 결과는 반드시 검진기
관에 상근하는 영상의학과 전문의가 판독하
여야 하며, 해당 전문의는 관련 교육을 이수
하여야 한다.

2. 사후 결과 상담 저선량 흉부CT 검사를 
받은 수검자

결과 상담의사는 관련 교육을 이수하고 폐
암검진에 대한 결과 상담 및 금연 상담을 제
공해야 한다.

관련교육 운영: 국립암센터
교육실시기관: 영상의학전문가-대한영상의학회, 결과상담의사-대한폐암학회
교육 미이수 의사가 검진을 실시했을 경우 해당 항목 검사비용을 삭감함

암검진 실시기준



Lung nodules… Rush…to the hospital

Which method is the best ?

NLST

Nodule dectection rate : 27%
About 90% benign



Pulmonary nodule

고형 결절
(Solid nodule)

부분 고형 결절
(Part-solid nodule)

순수간유리 결절
(Pure ground glass nodule)

반고형 결절
(Sub-solid nodule)
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Definitions of Subsolid nodules

• A pulmonary nodule 
• a small (≤30 mm), well-defined lesion surrounded by pulmonary parenchyma
• Lesions that measure >30 mm are considered masses.

• Solid nodules 
• typically dense and homogeneous on imaging.

• Subsolid nodules 
• Pure ground glass nodule (pGGN) :  a well-circumscribed nodular lesion in the 

lung parenchyma with attenuation less than adjacent pulmonary parenchymal 
structures, such as airways and vessels.

• Part-solid nodule : a nodule that has both a ground glass component and one or 
more solid components, defined by having density visually equal to that of 
adjacent pulmonary parenchymal structures. 



Incidences of Subsolid nodules

• Incidences of Subsolid nodules
• ~ 9%  in lung cancer screening patients. 

• GGN : 0.7 ~ 4.2%
• Part-solid nodule : 0.8 ~ 5.0%

• Female nonsmokers, particularly in Asian populations

D.F. Yankelevitz, et al., Radiology 2015;277(2):555–564. 
C.I. Henschke, et al., AJR Am. J. Roentgenol. 2016;207(6):1176–1184.



Differential diagnosis of Subsolid nodules

• Infection or inflammation
• Esp. in malignancy or immunocompromised state

• Focal lung hemorrhage

• Simple eosinophilic pneumonia

• Premalignant to Malignancy

• AAH, AIS, MIA, invasive adenocarcinoma.



62/M 
high blood eosinophilia (15.0%) 
history of eating raw cow’s liver. (ELISA for toxocariasis: +)



Transient nGGO

• 38-70%
• Resolving either spontaneously or antibiotics

• pGGNs : 37.6%, mGGNs : 48.7%

• Predicted as transient lesion
• Young age, blood eosinophilia, lesion multiplicity, 

polygonal shape, ill-defined borders, lubular GGOs, mixed 
attenuation and large degree of solid component

Radd R. Radiol Clin N Am 2014;52:47.



Characteristics of Subsolid nodule

• Natural course
• A higher risk of malignancy than solid nodules

• Subsolid nodules, particularly part-solid nodules

• More indolent behavior than purely solid malignancies. 

• Less likely to develop lymph node and distant metastases  



Characteristics of Subsolid nodule

• Natural course
• A higher risk of malignancy than solid nodules

• Subsolid nodules, particularly part-solid nodules

Data from two cohorts; 

participants in the Pan-Canadian Early Detection of Lung Cancer Study (PanCan) 
and participants involved in chemoprevention trials at the British Columbia Cancer Agency (BCCA)



Predictors of cancer;
older age, female sex, family history of lung cancer, emphysema, larger nodule size, location
of the nodule in the upper lobe, part-solid nodule type, lower nodule count, and spiculation.



Characteristics of Subsolid nodule

• Natural course
• More indolent behavior than purely solid malignancies. 



Characteristics of Subsolid nodule

• Natural course
• More indolent behavior than purely solid malignancies. 



Characteristics of Subsolid nodule

Hattori et al. J. Thoracic Oncol. 12 (6) (2017) 954–962. 

• Natural course
• Less likely to develop lymph node and distant metastases  



Characteristics of Subsolid nodule

• Solid(consolidation) portion of Subsolid nodule

• Invasiveness
• LN metastasis
• Recurrence after operation
• Recurrence free survival
• Overall survival

J Thorac Cardiovasc Surg 2012;144:1365-1371
J Thorac Cardiovasc Surg 2012;143:607-612

Eur J Cardiothorac Surg 2013;43:925-932
J Thorac Cardiovasc Surg 2013;1461:17-23
J Thorac Cardiovasc Surg 2013;146:24-30

J Thorac Oncol 2011;6:751-756
Radiology 2001;220:803-809

Clin Lung Cancer 2007;8:327-330
J Comput Assist Tomogr 2008;32:792-798

Eur Radiol 2015;25:558-567
Eur Radio 2015;25:558-567



Characteristics of Subsolid nodule

• Natural course
• More indolent behavior than purely solid malignancies. 

J Thorac Oncol. 2012;7: 1541-1546
Chest 2013;143:172-178
J Thorac Oncol. 2008;3:1245-1250

Progression

Pure GGNs : 9.8 ~ 16.7% (50-59 months)  
Part-solid nodule : 40 ~ 46.2% (35-39 months)



F/U guidelines of Subsolid nodule

• CT surveillance
• Fleischner guideline

• Lung-RADS  version 1.1 -> 2022

• 폐암진료지침

• PET(positron emission tomography)



CT surveillance

• Individualizing the approach

Fleischner Society 2017 Guidelines



CT surveillance

Update



판정 구분 판정 기준

기존 암환자 폐암 환자로 치료 중이거나 재발하지 아니함

이상소견 없음 폐결절이 없거나 확실한 양성 폐결절이 있음 
(Lung-RADS category 1)

양성 결절 폐암의 가능성이 낮은 결절로 1년 후 정기검사가 필요함
(Lung-RADS category 2)

경계선 결절 폐결절이 양성으로 추정되지만 6개월 후 추적검사가 필요함 
(Lung-RADS category 3)

폐암 의심 폐암이 의심되어 추가검사가 필요함
(Lung-RADS category 4)

기타 
(폐결절 외 
의미있는 소견)

폐결절 이외 폐암과 관련이 없는 폐질환 또는 기타 흉부질환 
소견으로 추가검사 또는 진료가 필요함
(Lung-RADS category S)

폐암검진결과 양성

CT surveillance



CT surveillance

Solid Part-solid GGN

2 < 6mm
New < 4mm

< 6 mm < 30 mm

3 ≥ 6 to < 8 mm
New 4 to < 6mm

≥ 6 with solid component < 6 mm
New < 6 mm

≥ 30 mm

4A ≥ 8 to < 15 mm
Growing < 8 mm
New 6 to < 8 mm

≥ 6 with solid component ≥ 6 to < 8 mm
New or growing < 4 mm solid component

4B ≥ 15 mm
New or growing ≥ 8 mm

solid component ≥ 8 mm
New or growing ≥ 4 mm solid component



CT surveillance

Management Part-solid GGN

2 12- month screening LDCT < 6 mm < 30 mm

3 6-month LDCT ≥ 6 with solid component < 6 mm
New < 6 mm

≥ 30 mm

4A 3-month LDCT;

PET/CT may be considered if
there is a  8 mm ( 268 mm3)

solid nodule or solid component

≥ 6 with solid component ≥ 6 to < 8 mm
New or growing < 4 mm solid 

component

4B Diagnostic chest CT with or
without contrast;

PET/CT may be considered if
there is a  8 mm ( 268 mm3)

solid nodule or solid component;

tissue sampling; and/or referral for 
further clinical evaluation

Management depends on
clinical evaluation, patient

preference, and the probability
of malignancy (see note 13)

solid component ≥ 8 mm
New or growing ≥ 4 mm solid 

component



폐암진료지침 (3판)

CT surveillance



PET(positron emission tomography)

Diagnostic and Interventional Imaging (2016) 97, 1003—1017 

Can be avoided for nonsolid nodules(ground glass opacity or mixed nodules) !!!

Sensitivity : 95%
Specificity : 82%
Positive predictive value(PPV) : 91% 
Negative predictive value (NPV) : 90%.

Radiology2008;246:772—82.



Until when….F/U

GGNs in the Multicentric Italian Lung Detection (MILD) trial

J Thorac Oncol. 2012;7: 1541-1546

A total of 48 pGGNs
15 of 48(31.3%) resolved, 

4 of 48 (8.3%) decreased in size
21 of 48 (43.8%) remained stable

8 of 48 (16.7%) progressed.

Only one pGGN developed a solid component of 5 mm after 63.9 months

So…Upto 5 years

But, debate for Part-solid nodule



Progression during F/U

P=0.451 P=0.185

Recurrence free survival Overall survival

In the interval growth group

30 patients showed increased nodule size, 10 increased solid parts, 
and the remaining 14 both patterns. 

5 patients showed clinical stage shifts (stage T1a, initially, to T1b 
after interval growth).



Diagnostic options of Subsolid nodules

• Non-surgical biopsy
• Transthoracic needle biopsy

• Bronchoscopic technique

• Surgical biopsy



Am J Respir Crit Care Med 2013;187(8): 848–854



Diagnostic options of Subsolid nodules

• Non-surgical biopsy
• Transthoracic needle biopsy

• Fluoroscopy guided biopsy

• CBCT guided biopsy

• Virtual navigation CBCT guided biopsy

• CT guided biopsy

• CT fluoroscopy guided biopsy

• Bronchoscopic technique

Am J Respir Crit Care Med 2013;187(8): 848–854



Diagnostic options of Subsolid nodules

Diagnostic rate Complication

Fluoroscopy guided

Conebeam CT guided ≤ 15 mm: 70-80%
> 15 mm: ~90%

Bleeding: 1%
Any pneumothorax: 15%
pneumothorax with chest tube: 6-7%CT guided or CT-

fluoroscopy guided

Transthoracic needle biopsy



Diagnostic options of Subsolid nodules

• Limitations of Transthoracic needle biopsy 
• Severe emphysema

• Pneumothorax(8-64%, overally 30%, 그 중에서 의미 있는 것은 1%)

• Location 
• Central lesion, peri-fissure, main vessel, heart

• Uncontrolled severe coagulation disorder
• PLT <50-70K, PTT>50sec, INR >1.5
• Anticoagulation agent

• Aspirin, plavix: discontinue for 5 days, Plavix and aspirin: discontinue aspirin for 5 days
• Warfarin: switch to low molecular heparin, antagonist

• Hemothorax : 2nd most common (5-10%)

• Un-cooperative patients



Diagnostic options of Subsolid nodules

• Non-surgical biopsy
• Transthoracic needle biopsy

• Bronchoscopic technique
• Conventional bronchoscopy

• Fluoroscopic-guided transbronchial lung biopsy(TBLB)
• Computed tomography-guided TBLB

• Radial probe endobronchial ultrasound(RP-EBUS) guided transbronchial biopsy
• Thin bronchoscopy(4mm)

• Navigation-guided transbronchial biopsy
• Virtual bronchoscopic navigation(VBN)
• Electromagnetic navigation bronchoscopy(ENB)

• Ultrathin bronchoscopy
• Robotic bronchoscopy
• Bronchoscopic-transparenchymal needle aspiration



Bronchoscopic technique

• Radial probe endobronchial ultrasound(RP-EBUS) guided trans-
bronchial biopsy
• Thin bronchoscopy(4mm)

TBNA
for mediastinal structures

TBLB
for peripheral lung lesion

6.9mm 4.0mm



Transducer

Guide sheath

Radial probe EBUS



Tumor

RP EBUS : Radial Probe EBUS

The 20 MHz ultra-miniature radial probe



Guide 
sheath

Tumor

Radial probe 
EBUS

Biopsy forceps

• Equipment
1) Bronchoscope
2) Guide sheath kit: guide sheath, cytology brush, biopsy forceps
3) Radial probe EBUS (mini-probe), driving unit, ultrasound center

RP-EBUS guided TBNA for peripheral nodule



RP-EBUS guided TBNA for peripheral nodule



Diagnostic options of Subsolid nodules

Diagnostic rate Complication

CT-guided TBLB 67% A mean of 4.1 (range 2–8) 
CT scans was performed 
to localize the lesion.

Radial EBUS(GS) <20mm : 53.3-60.5%
>20mm : 66.7-75.7%

Pneumothorax : 0.3%
Significant hemorrhage : 0%

Guide sheath

Radial EBUS 
miniprobe

Tumor

Targeting



Where to go ?



VBN ENB

Google map

Versus

Navigation System

Versus

Bf-Navi®LungPoint® Synapse 3D®

CT Scan

SuperDimension® SPiN system®Drawed by 박승용

Where to go ?



Diagnostic options of SPN

Wang Memoli JS, et al. Chest. 2012 Aug;142(2):385-93.

 Diagnostic yield by modality

Technology Study No. 95% CI Q static Q P-value

Virtual bronchoscopy 10 66-78 21.0 0.01

ENB 11 63-71 13.3 0.21

Guide sheath 10 64-82 63.8 < 0.001

Ultrathin bronchoscope 11 65-75 15.2 0.12

Radial probe EBUS 20 67-76 84.2 < 0.001

ENB = electromagnetic navigation bronchoscopy
EBUS = endobronchial ultrasound using guide sheath



Ultrathin bronchoscope

Ong PG, et al. J Thorac Dis. 2016 Dec;8(12):3808-3817.

6.2mm

4.8mm
4.2mm

2.8mm

1.2mm

2.0mm2.0mm2.8mm

Thin bronchoscope Ultrathin bronchoscope
Conventional 
bronchoscope

Radial EBUS probe
Biopsy forcep(1.5mm)
Cytology brush
PeriView FLEX TBNA needle



Oki M, et al. Am J Respir Crit Care Med. 2015 Aug 15;192(4):468-76.

VersusThin bronchoscope Ultrathin bronchoscope

Ultrathin bronchoscope



Ultrathin bronchoscope

Lesion size, mm UTB EBUS-GS P-value

≤ 20 65% 49% 0.037

20~30 84% 71% 0.061

Total 74% 59% 0.044

UBT = ultrathin bronchoscopy
EBUS-GS = endobronchial ultrasound using guide sheath

Oki M, et al. Am J Respir Crit Care Med. 2015 Aug 15;192(4):468-76.

Diagnostic yield
310 patients, 4 centers, suspected peripheral pulmonary nodule < 30mm



Robotic bronchoscope
The Monarch ® system

4-way articulation



Robotic bronchoscope 
The Ion ® endoluminal system(Intuituve)



Preoperative diagnosis vs. Surgery without diagnosis

• From January 2009–December 2014, retrospective study

• 85 PSNs with solid components > 5 mm on CT 
• Preoperative PTNBs(biopsy group) : 41 PSNs 
• CT assessment-based direct resections(direct surgery group) : 44 PSNs

• There were no significant differences in diagnostic accuracy (P = 0.559) between the two groups.

Eur Radiol (2017) 27:5119–5126

꼭 치료전에 진단을 다 해야만
속이 후련했냐



Treatment of Subsolid nodules

• Nodules that are large or exhibit progressive growth 

• Definitive therapy
• Operable

• Anatomic surgical resection (lobectomy); standard of care treatment 

• Limited (sub-lobar or wedge) surgical resection

• Non-operable
• Radiation therapy(RT); Stereotactic beam radiation therapy (SBRT) or conventional 

fractionation

• Percutaneous or transbronchial ablation.



Treatment of Subsolid nodules

• Lobectomy vs. Limited (sub-lobar or wedge) surgical resection

The anatomical resection (i.e., lobectomy or segmentectomy) 
arm

The wedge resection arm 

Hattori et al. J. Thoracic Oncol. 12 (6) (2017) 954–962. 

5-year locoregional RFS : no difference
P=0.0718



Treatment of Subsolid nodules

• Lobectomy vs. Limited (sub-lobar or wedge) surgical resection

Y Tsutani et al. Chest. 2014;145(1):66-71

Stage T1b Stage T1b

GGO dorminant Total; 
T1a+T1b

GGO dorminant Total; 
T1a+T1b



Treatment of Subsolid nodules

• Lobectomy vs. Limited (sub-lobar or wedge) surgical resection

A randomised, controlled, non-inferiority trial at 70 institutions in Japan. 

Patients with clinical stage IA NSCLC (tumour diameter ≤2 cm; consolidation-to-tumour ratio >0·5) 
1:1 lobectomy or segmentectomy. 

Hisashi S. et al. Lancet 2022; 399: 1607–17 



Treatment of Subsolid nodules

• Lobectomy vs. Limited (sub-lobar or wedge) surgical resection

Hisashi S. et al. Lancet 2022; 399: 1607–17 



Treatment of Subsolid nodules

• Lobectomy vs. Limited (sub-lobar or wedge) surgical resection

A multicenter, noninferiority, phase 3 trial

Patients with NSCLC clinically staged as T1aN0 (tumor size, ≤2 cm) 
Sublobar resection or lobar resection after intraoperative confirmation of node-negative disease. 

Altorki N. et al.N Engl J Med 2023;388:489-98.



Treatment of Subsolid nodules

• Lobectomy vs. Limited (sub-lobar or wedge) surgical resection

Altorki N. et al.N Engl J Med 2023;388:489-98.



Treatment of Subsolid nodules

• Lobectomy vs. Limited (sub-lobar or wedge) surgical resection

JH Cho et al. Ann. Thorac Surg. 2015;99(1):218-222

Conclusion
Wedge resection should be carefully considered for patients with mixed GGO nodules (C/T ratio >0.25) 
because of the high recurrence rate.
Radiologic noninvasiveness (C/T ratio <0.25) might be a good indicator for candidates for sublobar
resection in cases of early stage lung adenocarcinoma.



Treatment of Subsolid nodules

• Nodules that are large or exhibit progressive growth 

• Definitive therapy
• Operable

• Anatomic surgical resection (lobectomy); standard of care treatment of NSCLC

• Limited (sub-lobar or wedge) surgical resection; Stage IA NSCLC

• Non-operable
• Radiation therapy(RT); Stereotactic beam radiation therapy (SBRT) or conventional 

fractionation

• Percutaneous or transbronchial ablation.



Treatment of Subsolid nodules

• Non-operable
• Radiation therapy(RT); Stereotactic beam radiation therapy (SBRT) or 

conventional fractionation

• Prospective phase II studies with SBRT
• the local control rate is approximately 90 to 95 percent

• SBRT vs. Standard radiotherapy
• In a randomized trial in patients with inoperable peripherally located stage I NSCLC

• SABR resulted in superior local control of the primary disease without an increase in major 
toxicity

Ball D, et al. Lancet Oncol. 2019;20(4):494.

Senthi S, et al. Lancet Oncol. 2012;13(8):802.
Hobbs CJ, et al. Mayo Clin Proc Innov Qual Outcomes. 2018;2(1):40.



Treatment of Subsolid nodules

• Non-operable
• SBRT vs. surgery

• Prior to 2010, three randomized trials were designed to compare the efficacy of SBRT with 
surgical resection for the operable patient population (American College of Surgeons 
Oncology Group Z4099, the ROSEL trial, and the Accuray trial).
• Closed prematurely due to poor accrual.

• Retrospective analyses of large cohorts
• A retrospective analysis of 4065 patients with clinical stage I NSCLC 

• SBRT (n = 449) versus surgery (sublobar resection [n = 634] or lobectomy [n = 2986])
• Cancer-specific mortality 

• SBRT >> lobectomy (HR 1.4, 95% CI 1.09-1.94). 

• SBRT > Sublobar resection; not statistically significant(HR 1.25, 95% CI 0.93-1.68). 

• Short-term mortality 
• lower in patients managed with SBRT (90-day mortality for SBRT, sublobar resection, and 

lobectomy 1.4, 2.5, and 3.6 percent, respectively).

Bryant AK, et al. Ann Thorac Surg. 2018;105(2):425.



Treatment of Subsolid nodules

• Non-operable
• SBRT vs. surgery

• Prior to 2010, three randomized trials were designed to compare the efficacy of SBRT with 
surgical resection for the operable patient population (American College of Surgeons 
Oncology Group Z4099, the ROSEL trial, and the Accuray trial).
• Closed prematurely due to poor accrual.

• Retrospective analyses of large cohorts
• A retrospective analysis of 76,623 patients with clinical stage I NSCLC(cT1-T2a,N0,M0 disease) 

• Short-term mortality 
• SBRT >> surgery

• Overall mortality at both 30 and 90 days.

• SBRT was lower (0.7 versus 2.1 percent and 2.9 versus 3.6 percent, respectively)
• Esp in  patients more than 70 years of age.

Stokes WA, et al. J Clin Oncol. 2018;36(7):642.



Recommendations
For standard operative risk patients with stage I NSCLC
1. SBRT is not recommended outside of a clinical trial. 
2. Lobectomy with systematic lymph node evaluation remains the recommended treatment, although a 
sublobar resection may be considered in select clinical scenarios. 

The use of SBRT in high operative risk patients and for inoperative patients;
challenging scenarios where tumors are: centrally located, > 5 cm in diameter, lacking tissue diagnosis, 
synchronous primary or multifocal, second primary after pneumonectomy, proximal to or involved with 
mediastinal structures, abutting the chest wall, or recurring after previous treatment.

J Clin Oncol 2017;36:710-719.



Treatment of Subsolid nodules

• Non-operable
• SBRT vs. surgery

• Now randomizing patients with operable stage I NSCLC to surgery or stereotactic 
ablative radiotherapy
• the Joint Lung Cancer Trialist's Coalition STABLE-MATES trial (NCT02468024) 

• the Veterans Affairs Lung Cancer Surgery or Stereotactic Radiotherapy trial (NCT02984761)

Senthi S, et al. Lancet Oncol. 2012;13(8):802.
Hobbs CJ, et al. Mayo Clin Proc Innov Qual Outcomes. 2018;2(1):40.

https://www.uptodate.com/external-redirect?target_url=https%3A%2F%2Fwww.clinicaltrials.gov%2Fct2%2Fshow%2FNCT02468024%3Fterm%3DSTABLE-MATES%26rank%3D1&token=Rti1NBSWdX%2F%2FH%2FlCKGrzlGu03gYcMJXuTK3xOgZRWSzh35RvrgLNrXQnXVeh%2FjIkzXpNoLTAjRBCx38HoIw4sojzH0eCJTCt2s3%2FC11YTM7xvny98iICXW6jcSCuOx1F&TOPIC_ID=4642
https://www.uptodate.com/external-redirect?target_url=https%3A%2F%2Fwww.clinicaltrials.gov%2Fct2%2Fresults%3Fcond%3D%26term%3DNCT02984761%26cntry%3D%26state%3D%26city%3D%26dist%3D&token=VOLfqN9YPN%2BTz0I%2FpvMsBlDdlfWoiWk0WHUler2l8juznkeTXNdUVi0tV5dlnfo3czgMGz7F2Ps7NYUymsU%2BqwtZWAqInicKB2vLH%2FxWguHSyqV8%2BpZfvlawrLdTH8RarwC1JCwUsNIWoeWxLU0oqw%3D%3D&TOPIC_ID=4642


Treatment of Subsolid nodules

• Non-operable
• Other ablative techniques

• Both proton beam and carbon ion therapy. 
• The results suggest that these approaches yield results similar to SBRT. 

• Other image-guided ablative techniques –radiofrequency ablation, cryoablation, 
microwave ablation, laser ablation, and irreversible electroporation. 

Bronchoscopic guided…Radiologic guided…



Treatment of Subsolid nodules

• Non-operable
• Other ablative techniques

• Image-guided ablative techniques 
• Radiofrequency ablation

• Cryoablation

• Microwave ablation

• Laser ablation

• Irreversible electroporation. 

• There are inadequate long-term data with these techniques, and none of these have 
an established role in the routine management of stage I or stage II NSCLCs. 



Treatment of Subsolid nodules

Overall survival rate Complication

RFA 70-89%(I year), 48-69.8%(2 years), 59%(3 years), 
40%(5 years)

Recurrence free rate : 68.9%(1 year), 59.8%(2 year)
Medial survival : 33 months

- Electromagnetic energy(375-500 kHz) with 4-16 
small wires deployed through 14-17 gauze needle 

- Good for ≤3cm mass

- RFA ≠ SBRT

Pneumothorax; 38.4%

Pneumonia : 5.7%

Effusion : 4%

In-hospital mortality : 1.3%

Conversion to 
thoracoscopy/thoracotomy : 
0.9%

Cryoablation 5 Year survival rate : 68%

5 year progression free survival : 88%

Liquid nitrogen, argon-based (upto -140oC)
Compared with RFA, larger tumor ablation volumes, 
multiple applicators, a highly visible ablation zone, 
less procedural pain

MW ablation 65%(I year), 55%(2 years), 45%(3 years)

Medial survival : 30.6 months

Needle-like antenna under CT guidance to directly 
deliver MW energy into a tumor

Laser ablation 81%(I year), 59%(2 years), 44%(3 years),
27%(5 years)

Nd:YAG laser; wavelength of 1064nm or a 
continuous-wave infrared(820nm) diode laser
through a flexible fiberoptic cable

IRE 61%(I year) Novel ablation technology; direct electrical pulses 
to create nanoscale defects or pores in cell 
membranes

Image-guided ablation of lung tumors in Uptodate ®



Summary

• Subsolid nodule : pGGN + part-solid nodule
• Incidence : ~ 9%  in lung cancer screening patients(GGN : 0.7 ~ 4.2%, Part-solid nodule : 0.8 

~ 5.0%)
• Natural course : A higher malignancy risk, More indolent behavior, Less likely to develop 

LNs and distant metastases  

• CT surveillance : solid component
• Fleischner guideline, Lung-RADS  2022, 폐암진료지침

• Diagnosis : Non-surgical biopsy(Transthoracic needle biopsy, Bronchoscopic technique)

• Treatment
• Operable

• Anatomic surgical resection (lobectomy); standard of care treatment of NSCLC
• Limited (sub-lobar or wedge) surgical resection; Stage IA NSCLC

• Non-operable
• Radiation therapy(RT); Stereotactic beam radiation therapy (SBRT) >> conventional fractionation
• Percutaneous or transbronchial ablation; inadequate long-term data and no RCTs



For multiple subsolid nodules
Multidisciplinary team approach



Thank you for listening…

Special thanks to Prof. Kurimoto, Prof. Eom, Prof. Kim and Prof. Min

2014 in St. Marianna university hospital

2019 in Shimane university hospital
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