Revised 2025

American College of Radiology
ACR Appropriateness Criteria®
Radiologic Management of Pulmonary Nodules and Masses

Variant: 1 Adult. Stable 1 to 3 cm solitary solid pulmonary nodule. Unchanged in diameter

for 2 years. Person who smokes. Next step.

Procedure

Appropriateness Category

Follow-up imaging only

May Be Appropriate

Percutaneous lung biopsy

May Be Appropriate (Disagreement)

Endobronchial ultrasound and biopsy

Usually Not Appropriate

Percutaneous ablation lung

Usually Not Appropriate

Stereotactic body radiotherapy

Usually Not Appropriate

Surgical management

Usually Not Appropriate

Fiducial marker and surgical management

Usually Not Appropriate

Variant: 2 Adult. Serially, enlarging solitary solid pulmonary nodule, now 1 to 3 cm in

diameter. Person who smokes. Next step.

Procedure

Appropriateness Category

Percutaneous lung biopsy

Usually Appropriate

Endobronchial ultrasound and biopsy

Usually Appropriate

Fiducial marker and surgical management

Usually Not Appropriate

Follow-up imaging only

Usually Not Appropriate

Stereotactic body radiotherapy

Usually Not Appropriate

Surgical management

Usually Not Appropriate

Percutaneous ablation lung

Usually Not Appropriate

Variant: 3 Adult. 1 to 3 cm solitary solid pulmonary nodule near the hilum. Identified on

initial screening CT chest. Person who smokes. Next step.

Procedure

Appropriateness Category

Endobronchial ultrasound and biopsy

Usually Appropriate

Percutaneous lung biopsy

May Be Appropriate

Follow-up imaging only

May Be Appropriate

Surgical management

Usually Not Appropriate

Fiducial marker and surgical management

Usually Not Appropriate

Percutaneous ablation lung

Usually Not Appropriate

Stereotactic body radiotherapy

Usually Not Appropriate

Variant: 4 Adult. Serially, enlarging solitary solid pulmonary nodule in the periphery of the
lung, now 1 to 3 cm in diameter. High risk of poor surgical outcome. Next step.

Procedure

Appropriateness Category

Percutaneous lung biopsy

Usually Appropriate

Stereotactic body radiotherapy

May Be Appropriate

Endobronchial ultrasound and biopsy

May Be Appropriate

Follow-up imaging only

May Be Appropriate




Percutaneous ablation lung

May Be Appropriate

Fiducial marker and surgical management

Usually Not Appropriate

Surgical management

Usually Not Appropriate

Variant: 5 Adult. 1 to 3 cm solitary solid pulmonary nodule in the periphery of the lung.
Previously treated nonpulmonary primary malignancy. Next step.

Procedure

Appropriateness Category

Percutaneous lung biopsy

Usually Appropriate

Endobronchial ultrasound and biopsy

May Be Appropriate

Fiducial marker and surgical management

May Be Appropriate (Disagreement)

Follow-up imaging only

May Be Appropriate

Surgical management

May Be Appropriate (Disagreement)

Percutaneous ablation lung

Usually Not Appropriate

Stereotactic body radiotherapy

Usually Not Appropriate

Variant: 6 Adult. 1 to 3 cm solitary ground glass pulmonary nodule which has persisted on
short interval follow-up. Findings suspicious for primary lung adenocarcinoma. Next step.

Procedure

Appropriateness Category

Percutaneous lung biopsy

Usually Appropriate

Endobronchial ultrasound and biopsy

May Be Appropriate

Fiducial marker and surgical management

May Be Appropriate

Follow-up imaging only

May Be Appropriate

Percutaneous ablation lung

Usually Not Appropriate

Stereotactic body radiotherapy

Usually Not Appropriate

Surgical management

Usually Not Appropriate
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Summary of Literature Review

Introduction/Background

Despite advances in diagnosis and intervention, lung cancer remains the leading cause of cancer-
related mortality in the United States [1]. The 5-year survival rate is 15% for all lung cancers.
However, early disease has a 70% 5-year survival rate. As a result of improved outcomes with early
detection, the Fleischner Society guidelines have outlined updated recommendations for screening
based on nodule characteristics and patient smoking history [2]. Screening guidelines are
discussed in the ACR Appropriateness Criteria® topic on “Lung Cancer Screening” [3]. In contrast,
this document seeks to provide guidance on management of pulmonary nodules for interventional

radiologists.



https://acsearch.acr.org/docs/3102390/Narrative/

Decision on which intervention to pursue is heavily dependent on disease status, lesion location,
and etiology. The interventional radiologist has a role in performing tissue sampling and
percutaneous ablation and in determining when patients are best served with alternate
interventions including surgery and endobronchial biopsy. Using the following clinical variants, the
appropriateness of each treatment option will be described.

Discussion of Procedures by Variant

Variant 1: Adult. Stable 1 to 3 cm solitary solid pulmonary nodule. Unchanged in diameter
for 2 years. Person who smokes. Next step.

This variant depicts a solid nodule in a patient who smokes. Smoking places this patient into a
high-risk category according to the Fleischer Society [2]. The size of the lesion places the lesion in
the ACR Lung-RADS category 4 (suspicious) [4]. However, the prolonged stability is a favorable
prognosticator.

Variant 1: Adult. Stable 1 to 3 cm solitary solid pulmonary nodule. Unchanged in diameter
for 2 years. Person who smokes. Next step.
A. Endobronchial ultrasound and biopsy

In this scenario, a nodule that has been stable for 2 years is usually benign and does not need
tissue sampling. If the lesion was seen on the initial scan, 3-month short-term follow-up imaging is
supported by the Fleischner Society guidelines. However, biopsy should be considered in any
nodule with suspicious features. Suspicious features include nodules with spiculated margins,
mixed solid/ground glass with solid component >6 mm, and nodules with new microcystic
components. Furthermore, a recent study found that Lung-RADS category 4A nodules (such as this
case) had a malignancy rate of 15% [4].

Location of the lesion relative to the bronchial tree will determine accessibility for the
endobronchial approach. If the nodule is near the bronchus, endobronchial ultrasound (EBUS) can
safely provide a tissue diagnosis. Linear EBUS uses a convex probe with a curvilinear transducer
and can access mediastinal lesions. Radial EBUS can be used for more peripheral lesions. The
overall positive predictive value of EBUS in diagnosing central lesions ranges from 93% to 95% [5].
However, in peripheral lesions, diagnostic yield ranges from 67% to 73% [6,7]. Considering the
potential of poor sampling, EBUS may not be the first choice for lesions in the periphery.

Lesions >2 cm are more technically amenable to biopsy, with a higher overall reported yield [7].
Reported complications include pneumothorax and infection. Rates of pneumothorax range from
1.5% to 2.1% [7]. A study evaluating incidence of infection from EBUS reported both pneumonia
and mediastinal infectious complications. However, the overall rate of infection was 0.48% [8].
Necrotic lesions and esophageal perforation increased the likelihood of infection. However,
complication rates are reportedly lower than with the percutaneous approach [9]. Percutaneous
biopsy pneumothorax rates are between 18% and 28% for comparison [10-13].

Variant 1: Adult. Stable 1 to 3 cm solitary solid pulmonary nodule. Unchanged in diameter
for 2 years. Person who smokes. Next step.
B. Fiducial marker and surgical management

There are no data on primary fiducial marker placement before tissue diagnosis. Fiducial marker
may be useful in a nodule, which exhibits suspicious features and resection is planned. Once
surgical resection is planned, marking with either coil or hook-wire may be performed. Coill



placement has a lower rate of displacement and fewer complications compared with the hook
method [14,15].

Variant 1: Adult. Stable 1 to 3 cm solitary solid pulmonary nodule. Unchanged in diameter
for 2 years. Person who smokes. Next step.

C. Follow-up imaging only

For solid solitary nodules >8 mm, the Fleischner Society guidelines recommend a 3-month follow-
up CT after initial CT, given an estimated rate of malignancy of <5% [2]. In a patient with a stable
solitary solid pulmonary nodule with smoking history, the goal of follow-up imaging should be to
differentiate factors that could potentially be malignant. To this end, PET/CT can provide valuable
information for a lesion of this size. However, maximum standardized uptake values (SUVmax)
alone cannot differentiate benign from malignant nodules. SUVmax and total lesion glycolysis has
been shown to reliably identify malignant nodules, with a sensitivity of up to 85% [16]. Despite the
2-year stability in this case, if imaging alone is elected, PET/CT would be the most evidence-based
imaging modality [17].

Furthermore, if the patient continues to smoke, although they may not need further follow-up
imaging for this nodule, they may qualify for annual lung cancer screening.

Variant 1: Adult. Stable 1 to 3 cm solitary solid pulmonary nodule. Unchanged in diameter
for 2 years. Person who smokes. Next step.
D. Percutaneous ablation lung

Percutaneous ablation would be useful after tissue diagnosis confirms presence of malignancy.
There are no robust data on percutaneous lung ablation are tissue diagnosis. Following established
tissue diagnosis, a solitary nodule between 1 and 3 cm in diameter would be amenable to ablation.
In such cases, a phase Il trial demonstrated an 84% 2-year survival rate after microwave ablation
(MWA), which has equal outcomes as video-assisted surgery (VATS) [18].

Variant 1: Adult. Stable 1 to 3 cm solitary solid pulmonary nodule. Unchanged in diameter
for 2 years. Person who smokes. Next step.
E. Percutaneous lung biopsy

In this scenario, a nodule that has been stable for 2 years is usually benign and may not need
tissue sampling. If the lesion was seen on an initial scan, a 3-month short-term follow-up imaging
is supported by the Fleischner Society guidelines. However, biopsy should be considered in any
nodule with suspicious features. Suspicious features include nodules with spiculated margins,
mixed solid/ground glass with solid component >6 mm, and nodules with new microcystic
components. Furthermore, a recent study found that Lung-RADS category 4A nodules (such as this
case) had a malignancy rate of 15% [4]. Evidence supports tissue sampling given the high rate of
malignancy.

In this case, percutaneous CT-guided biopsy could be useful. CT-guided biopsy is both accurate
and well tolerated, with a reported yield of 63% to 98% with a core needle biopsy [10,11,13].
Percutaneous biopsy can be performed using either conventional CT or cone-beam CT [19].

The most encountered complication of a percutaneous lung biopsy is a pneumothorax, with rates
between 18% and 28% [10-13]. In a study of patients with postbiopsy pneumothorax, 37%
required pigtail catheter placement, whereas the remainder of the patients improved with either
simple needle aspiration or spontaneous absorption [13]. Risk factors for pneumothorax include



anterior and lateral pleural surface puncture and crossing more than one pleural surface with the
biopsy device [12]. Additional risk factors include emphysema, especially in the path of the target.
As a result, care must be taken to plan an optimal path without crossing multiple pleural surfaces.
Tract embolization conversely has been shown to decrease the risk of pneumothorax [20-22]. Tract
embolization can be performed with gelatin sponge impregnated with iodine, blood patch, or a
hydrogel plug [20,22]. Furthermore, positioning the patient biopsy-side down has been shown to
reduce the incidence of pneumothorax [23]. Pulmonary hemorrhage is the second-most common
complication, occurring in 5% to 10% of patients [24]. Interestingly, it is postulated that
hemorrhage can be protective against pneumothorax.

Variant 1: Adult. Stable 1 to 3 cm solitary solid pulmonary nodule. Unchanged in diameter
for 2 years. Person who smokes. Next step.
F. Stereotactic body radiotherapy

There are no data for radiotherapy alone before tissue diagnosis. However, following tissue
sampling, stereotactic body radiation therapy (SBRT) is comparable to thermal ablation in terms of
overall survival for stage | disease [25].

Variant 1: Adult. Stable 1 to 3 cm solitary solid pulmonary nodule. Unchanged in diameter
for 2 years. Person who smokes. Next step.
G. Surgical management

Surgical management is typically reserved for after tissue diagnosis. There are no data for routine
surgical resection in the absence of a tissue diagnosis.

However, following tissue diagnosis of malignancy in a solid solitary pulmonary nodule, surgery
would be indicated. VATS has a reported local recurrence rate of 7% for malignant lesions with no
recurrence of adenocarcinoma in situ [14]. Predominantly solid nodules are shown to have higher
risk of recurrence and worse survival compared with subsolid nodules [26].

Variant 2: Adult. Serially, enlarging solitary solid pulmonary nodule, now 1 to 3 cm in
diameter. Person who smokes. Next step.

A serially enlarging nodule is highly suspicious for malignancy and would be considered at least a
very suspicious (4B) lesion by Lung-RADS criteria. According to the ACR Lung-RADS 2022
document, growth is defined as an increase in >1.5 mm in diameter in a 12-month interval [17].

The goal of therapy should be diagnosis, followed by definitive treatment.

Variant 2: Adult. Serially, enlarging solitary solid pulmonary nodule, now 1 to 3 cm in
diameter. Person who smokes. Next step.
A. Endobronchial ultrasound and biopsy

An acceptable sampling technique includes EBUS and biopsy if a lesion is medial or near the
mediastinum [27]. EBUS has a reported sampling accuracy ranging from 92% to 95% [5]. Typically,
EBUS is used in obtaining a histopathologic diagnosis when there is suspicion of non—-small-cell
lung cancer and mediastinal disease.

In a peripheral nodule, diagnostic yield is smaller using the endobronchial technique, with yields
between 73% and 80% [28].

Variant 2: Adult. Serially, enlarging solitary solid pulmonary nodule, now 1 to 3 cm in
diameter. Person who smokes. Next step.



B. Fiducial marker and surgical management

In a lesion highly suspicious for lung malignancy, if surgical management is planned, fiducial
placement can be accomplished simultaneously with biopsy. This technique would not generally be
needed for a peripheral solid nodule; however, it can be employed for deeper lesions for surgical
localization. Fiducial can be placed by either a percutaneous or transbronchial approach.
Transbronchial fiducial marker placement can be successful in up to 95% of cases [29]. However, in
a single-center comparison of percutaneous and endobronchial techniques, transbronchial
technique had a higher failure rate compared with the percutaneous technique, which saw a
technical success rate of 100% [30]. The percutaneous technique has similar complications to
percutaneous biopsy, including pulmonary hemorrhage and pneumothorax. A retrospective study
of hook-wire localization reported a 2% rate of clinical significant pneumothorax but a 98%
diagnostic yield for surgically resected specimens [31].

Variant 2: Adult. Serially, enlarging solitary solid pulmonary nodule, now 1 to 3 cm in
diameter. Person who smokes. Next step.

C. Follow-up imaging only

In a serially enlarging lesion, the risk of malignancy is substantial, with a range of 36% to 76%,
depending on additional features [4]. Optimal management is focused on diagnosis and treatment;
thus, follow-up imaging may not be useful unless there is reason for low concern for malignancy or
high concern for biopsy or treatment. If the noninvasive approach is taken, PET/CT could provide
insight into the lesion.

Variant 2: Adult. Serially, enlarging solitary solid pulmonary nodule, now 1 to 3 cm in
diameter. Person who smokes. Next step.
D. Percutaneous ablation lung

Ablation may be helpful following biopsy. In a serially enlarging nodule of a smoker, tissue
sampling would be the first step. In a patient with a high risk of poor surgical outcome, ablation
could be beneficial. In a study comparing outcomes from MWA versus surgical lobectomy, MWA
was found to be a viable alternative local treatment for early disease [32]. In a phase |l trial, the 2-
year survival rate after radiofrequency ablation for unresectable primary, recurrent, or metastatic
thoracic malignancy was 84% [18]. MWA has been shown to be equally effective as VATS [33].
When comparing MWA and RFA, there is no significant difference in local recurrence [34].
Additionally there is no difference between MWA and cryoablation with reference to clinical
outcomes. Subsequent studies have affirmed RFA following biopsy confirmation of diagnosis in
disease. In a prospective study comparing RFA with SBRT, there was no difference in overall
survival. Additionally, there was no significant change in pulmonary function post-RFA [35].
Similarly, there is no difference in local recurrence between MWA and cryoablation [36].

Variant 2: Adult. Serially, enlarging solitary solid pulmonary nodule, now 1 to 3 cm in
diameter. Person who smokes. Next step.
E. Percutaneous lung biopsy

An enlarging pulmonary nodule unequivocally meets criteria for tissue sampling. PET/CT has
variable accuracy in diagnosis of lesions, and a lesion that is increasing in size is suspicious for
malignancy. Therefore, if tissue sampling can be performed, percutaneous CT-guided biopsy could
be useful. CT-guided biopsy is both accurate and well tolerated, with reported yield of 63% to 98%
with a core needle biopsy [10,11,13]. Percutaneous biopsy can be performed using either
conventional CT or cone-beam CT [19].



The most encountered complication of a percutaneous needle biopsy is a pneumothorax, with
rates between 18% and 28% [10-13]. Pulmonary hemorrhage is the second-most common
complication, in which the majority of hemorrhages are low grade without clinical significance and
are diagnosed based on the presence of perilesional hemorrhage on postbiopsy CT. Hemorrhage
with new ground glass surrounding the lesion between 2 and 4 cm is reported as occurring in
between 27% and 33% of cases [24]. Despite the presence of positive findings, these rarely result in
clinical significance [24]. A recent observational study evaluating incidence of pulmonary
hemorrhage reports a 2.9% rate of postbiopsy hemoptysis [37]. Interestingly, it is postulated that
hemorrhage can be protective against pneumothorax. Risk factors for pneumothorax include
anterior and lateral pleural surface puncture and crossing more than one pleural surface with the
biopsy device [12]. Additional risk factors include emphysema, especially in the path of the target.
As a result, care must be taken to plan an optimal path without crossing multiple pleural surfaces.
Tract embolization conversely has been shown to decrease the risk of pneumothorax [20-22]. Tract
embolization can be performed with gelatin sponge impregnated with iodine, blood patch, or a
hydrogel plug [20,22]. Furthermore, positioning the patient biopsy-side down has been shown to
reduce the incidence of pneumothorax [23].

Variant 2: Adult. Serially, enlarging solitary solid pulmonary nodule, now 1 to 3 cm in
diameter. Person who smokes. Next step.
F. Stereotactic body radiotherapy

In cases of a positive biopsy, SBRT can be used in patients with a risk of poor surgical outcome
[38]. A 2018 national cancer database study found no significant difference in mortality between
SBRT and percutaneous lung ablation, which may be high risk in a patient unable to undergo
anesthesia. Additionally, SBRT has been employed in tumors considered operable, with up to 96%
primary tumor control [39]. Without a positive biopsy, however, SBRT would not usually be
appropriate.

Variant 2: Adult. Serially, enlarging solitary solid pulmonary nodule, now 1 to 3 cm in
diameter. Person who smokes. Next step.
G. Surgical management

Following histological confirmation, surgical management may be a helpful consideration in this
patient if the patient has adequate pulmonary function tests. Surgery (either sublobar or lobar
resection) is considered the best definitive therapy for prolonged disease-free survival [40]. In a
randomized controlled trial comparing outcomes of lobar resection, sublobar resection, and wedge
resection, there was no significant difference in 5-year disease-free survival. Lung cancer free
survival ranged between 86.8% (lobar resection group) and 89% (sublobar resection group) [41]. It
would be important to note the concurrent presence of emphysema in this patient, because
emphysema was shown to have a worse occurrence-free survival rate than patients without
emphysema [42]. Additionally, providers should bear in mind the impact of social determinants of
health and disparities on surgical decision making. A study found that Black/African American
patients in the National Lung Screening Trial had significantly lower surgery rates when compared
with age-matched White patients [43].

Complications are also of concern for an operative approach, with complications including
prolonged atelectasis, empyema, catastrophic blood loss, acute respiratory distress syndrome,
chylothorax, and long hospital stays. The VATS approach has an overall better survival and fewer
complications compared with open thoracotomy for resection [44]. The parenchymal sparing
sleeve lobectomy has reported better overall 90-day survival and fewer empyema [45]. Overall,



however, in this scenario, surgery as the next step would not usually be appropriate.

Variant 3: Adult. 1 to 3 cm solitary solid pulmonary nodule near the hilum. Identified on
initial screening CT chest. Person who smokes. Next step.

The goal of therapy in this case is to safely diagnose a suspicious lesion. Incidental finding of a
lesion >8 mm is very suspicious for malignancy, and this lesion would be considered category
4B/very suspicious by Lung-RADS criteria [4]. Furthermore, proximity to the hilum may present
technical challenges for a percutaneous approach.

Variant 3: Adult. 1 to 3 cm solitary solid pulmonary nodule near the hilum. Identified on
initial screening CT chest. Person who smokes. Next step.
A. Endobronchial ultrasound and biopsy

Lesions near the hilum are often particularly accessible for EBUS and endobronchial biopsy [27].
EBUS has a sampling accuracy of up to 95% [5]. Typically, EBUS is used in obtaining a
histopathologic diagnosis when there is suspicion of non-small-cell lung cancer and mediastinal
disease.

US-based biopsy can be used for diagnosis of hilar lesions as a safe alternative to mediastinoscopy
[46]. EBUS biopsy has been seen as sensitive for the more advanced histochemical evaluations [47].

Furthermore, EBUS-transbronchial needle aspiration is reportedly superior to mediastinoscopy in
terms of diagnostic performance, with a sensitivity and sampling accuracy of 88% and 93%
compared with 81% and 89% [46].

Variant 3: Adult. 1 to 3 cm solitary solid pulmonary nodule near the hilum. Identified on
initial screening CT chest. Person who smokes. Next step.
B. Fiducial marker and surgical management

In a smoker, a nodule of this size on initial screening should be considered suspicious, and if
biopsy results are positive, endobronchial fiducial placement and surgical management may be
helpful. There are no robust data on endobronchial versus percutaneous placement of fiducial
marker for hilar lesions. However, in a retrospective review, endobronchial technique was
successful in 90% of cases in which nodule was a mean of 2.2 cm [48]. However, as a next step,
fiducial marker and surgical management is usually not appropriate.

Variant 3: Adult. 1 to 3 cm solitary solid pulmonary nodule near the hilum. Identified on
initial screening CT chest. Person who smokes. Next step.

C. Follow-up imaging only

The ACR Lung-RADS would categorize this lesion as very suspicious, and if follow-up imaging is
elected, PET could be performed for confirmation [49]. Fluorine-18-2-fluoro-2-deoxy-D-glucose
(FDG)-PET uptake has been shown to correlate with poor recurrence-free survival rates [50].

Variant 3: Adult. 1 to 3 cm solitary solid pulmonary nodule near the hilum. Identified on
initial screening CT chest. Person who smokes. Next step.
D. Percutaneous ablation lung

There are no randomized clinical trials for ablation of central or hilar lesions. However, there are
reports of cryoablation being used in this location with technical success [51]. There are also small
retrospective studies describing technically successful MWA while employing an artificial CO2
pneumothorax technique for hilar metastases [52]. However, as a next step, lung ablation is usually
not appropriate.



Variant 3: Adult. 1 to 3 cm solitary solid pulmonary nodule near the hilum. Identified on
initial screening CT chest. Person who smokes. Next step.
E. Percutaneous lung biopsy

Hilar masses can be challenging to access via a percutaneous approach due to the proximity to
major vascular structures and distance for parenchymal traversal. In cases of indeterminate results
from endobronchial biopsy, CT-guided biopsy can be helpful [53]. There is an absence of robust
data on diagnostic yield and complication rates for CT-guided biopsy based on lesion location.
However, case reports describe hilar biopsy as safe and effective with rare complications of
pulmonary hemorrhage and pneumothorax [54].

Variant 3: Adult. 1 to 3 cm solitary solid pulmonary nodule near the hilum. Identified on
initial screening CT chest. Person who smokes. Next step.
F. Stereotactic body radiotherapy

In patients able to tolerate surgery, resection is the standard of care for definitive therapy of
histologically confirmed malignancies, with previously published 5-year survival rates of 59%
versus 28% compared with radiotherapy [55]. However, following tissue sampling, radiotherapy
may be helpful, given the surgical challenges of resection of perihilar lesions [56]. In a prospective
nationwide study in Japan, 5-year overall survival for patients with operable early-stage lung
cancer was 82% [57]. However, as a next step, SBRT is usually not appropriate.

Variant 3: Adult. 1 to 3 cm solitary solid pulmonary nodule near the hilum. Identified on
initial screening CT chest. Person who smokes. Next step.
G. Surgical management

For patient’s biopsy-proven stage | disease, surgery can provide excellent outcomes for primary
lung malignancy. Segmentectomy and wedge resection have a lower complication rate than
lobectomy [58]. The overall survival rate is up to 98% following resection [58]. Furthermore, data
support a VATS approach. In a 2019 propensity-matched study comparing VATS versus
thoracotomy for hilar lesion resection, the VATS group had shorter length of stay, less blood loss,
and a longer recurrence-free survival [59]. However, as a next step, surgical management is usually
not appropriate.

Variant 4: Adult. Serially, enlarging solitary solid pulmonary nodule in the periphery of the
lung, now 1 to 3 cm in diameter. High risk of poor surgical outcome. Next step.

An enlarging lesion has a high probability of malignancy. Therefore, intervention should focus on
both diagnosis and treatment. Patients with significant comorbidities such as severe cardiovascular
disease or pulmonary disease may be considered high surgical risk.

Variant 4: Adult. Serially, enlarging solitary solid pulmonary nodule in the periphery of the
lung, now 1 to 3 cm in diameter. High risk of poor surgical outcome. Next step.
A. Endobronchial ultrasound and biopsy

EBUS and biopsy is an acceptable method of tissue sampling. However, given the lesion’s location
at the periphery, the sampling yield may be lower than with the percutaneous approach. In a
peripheral nodule, the diagnostic yield is lower using the endobronchial technique, with yields up
to 73% [28]. Transbronchial navigational biopsy can be considered if a bronchus is close to the
nodule or in the presence of emphysema [60].

Variant 4: Adult. Serially, enlarging solitary solid pulmonary nodule in the periphery of the
lung, now 1 to 3 cm in diameter. High risk of poor surgical outcome. Next step.
B. Fiducial marker and surgical management



In a patient with high risk of poor surgical outcome, surgery would be a last resort. However,
fiducial placement could be considered for radiotherapy planning. Percutaneous fiducial marker
placement can be accomplished via CT and has been validated as safe and effective in SBRT [61].

Variant 4: Adult. Serially, enlarging solitary solid pulmonary nodule in the periphery of the
lung, now 1 to 3 cm in diameter. High risk of poor surgical outcome. Next step.

C. Follow-up imaging only

A serially enlarging nodule, >1 cm would be very suspicious for malignancy. Therefore, either
further characterization by PET could assist in identifying areas to target for biopsy or support
clinical decision making and identify metastatic disease. FDG-PET uptake has been shown to
correlate with poor recurrence-free survival rates [50].

Variant 4: Adult. Serially, enlarging solitary solid pulmonary nodule in the periphery of the
lung, now 1 to 3 cm in diameter. High risk of poor surgical outcome. Next step.
D. Percutaneous ablation lung

In patients with a high risk of poor surgical outcome, percutaneous management may be helpful.
In a study comparing outcomes from MWA versus surgical lobectomy, MWA was found to be a
viable alternative local treatment for early disease [32]. In a phase Il trial, the 2-year survival rate
after RFA for unresectable primary, recurrent, or metastatic thoracic malignancy was 84% [18].
MWA has been shown to be equally effective as VATS with reference to overall 3-year survival,
disease-free survival, and local progression-free survival [33]. When comparing MWA and RFA,
there is no significant difference in local recurrence [34]. Subsequent studies have affirmed the
efficacy of RFA for achieving long-term disease-free survival following biopsy confirmation of
diagnosis in disease. FDG-PET/CT can be useful to follow treatment response [62]. Thermal
ablation carries the usual risks of pneumothorax and pulmonary hemorrhage but also phrenic
nerve injury, especially in lesions <2 cm from the phrenic nerve [63].

Cryoablation is also widely used for treatment without demonstrable differences in lung ablation
zone volume [64]. Furthermore, cryoablation has reported similar rates of technical success, local
control, and recurrence rates as MWA [36]. Despite few differences in outcome, cryoablation has
reported a significant lower risk of postablative air leak (9% versus 25%) [65].

Additionally, cryoablation provides comparatively better preservation of collagen architecture on
the periphery of the treatment zone [66]. This can aid with safely treating lesions near airways or
pleura, minimizing undesired tissue injury.

Variant 4: Adult. Serially, enlarging solitary solid pulmonary nodule in the periphery of the
lung, now 1 to 3 cm in diameter. High risk of poor surgical outcome. Next step.
E. Percutaneous lung biopsy

For peripheral lesions, CT-guided biopsy may be more helpful than endoscopic approaches. CT-
guided biopsy is both accurate and well tolerated, with a reported yield of 63% to 98% [10,11,13].
The complication rate of pneumothorax ranges between 18% and 28% [10-13]. Pulmonary
hemorrhage with new ground glass surrounding the lesion between 2 and 4 cm is reported as
occurring in between 27% and 33% of cases [24]. Percutaneous biopsy can be performed using
either conventional CT or cone-beam CT [19].

Variant 4: Adult. Serially, enlarging solitary solid pulmonary nodule in the periphery of the
lung, now 1 to 3 cm in diameter. High risk of poor surgical outcome. Next step.
F. Stereotactic body radiotherapy



Given the risk of poor surgical outcome, radiotherapy may be helpful. If possible, a tissue diagnosis
would ideally be attained before therapy. However, if the patient is too high risk, empiric therapy
can be considered. In a prospective nationwide study in Japan, 5-year overall survival for patients
with operable early-stage lung cancer was 82% [57]. Complications of radiotherapy include fatigue,
skin changes, and chest pain. In a prospective study evaluating outcomes of SBRT in stage | cancer,
10% of patients experienced skin changes, whereas 10% of patients experienced grade |
pneumonitis (cough but not requiring intervention) [67].

Variant 4: Adult. Serially, enlarging solitary solid pulmonary nodule in the periphery of the
lung, now 1 to 3 cm in diameter. High risk of poor surgical outcome. Next step.
G. Surgical management

In a patient with high risk of poor surgical outcome, surgery would be a last resort. For example,
the presence of emphysema portends a very poor surgical outcome compared with patients
without emphysema, with reported survival at 5 years being 89% in the nonemphysema group and
61% in the emphysema group [42]. Similarly, other chronic lung diseases such as pulmonary
fibrosis are associated with poor high postoperative mortality (7.2%) and poor 5-year survival [68].

Variant 5: Adult. 1 to 3 cm solitary solid pulmonary nodule in the periphery of the lung.
Previously treated nonpulmonary primary malignancy. Next step.

In a patient with high risk of poor surgical outcome, surgery would be a last resort. For example,
the presence of emphysema portends a very poor surgical outcome compared with patients
without emphysema, with reported survival at 5 years being 89% in the nonemphysema group and
61% in the emphysema group [42]. Similarly, other chronic lung diseases such as pulmonary
fibrosis are associated with poor high postoperative mortality (7.2%) and poor 5-year survival [68].

Variant 5: Adult. 1 to 3 cm solitary solid pulmonary nodule in the periphery of the lung.
Previously treated nonpulmonary primary malignancy. Next step.
A. Endobronchial ultrasound and biopsy

EBUS and biopsy is an acceptable method of tissue sampling. However, given this lesion’s location
at the periphery, the sampling yield may be lower than the percutaneous approach. In a peripheral
nodule, diagnostic yield is lower using the endobronchial technique, with yields up to 73% [28]. If
there is a bronchus within the vicinity of the nodule, a transbronchial approach could be feasible.

Variant 5: Adult. 1 to 3 cm solitary solid pulmonary nodule in the periphery of the lung.
Previously treated nonpulmonary primary malignancy. Next step.
B. Fiducial marker and surgical management

In a patient with suspicion for metastatic disease, a new nodule on screening should be considered
suspicious, and if biopsy results are positive, fiducial placement and surgical management may be
helpful. In a retrospective study of placements of fiducial markers for SBRT including 121 thoracic
metastases, there was 100% success in placement, with complications occurring in 28% of cases.
Reported complications included self-limiting pneumothorax, pulmonary hemorrhage and 11%
rate of pneumothorax requiring chest tube insertion [69]. If there is low suspicion of metastatic
disease, or the nodule is peripheral, a wedge resection could be performed with a frozen section.

Variant 5: Adult. 1 to 3 cm solitary solid pulmonary nodule in the periphery of the lung.
Previously treated nonpulmonary primary malignancy. Next step.

C. Follow-up imaging only

Given a history of malignancy and presence of a new nodule, follow-up imaging with PET to assess
for FDG uptake may be useful. Furthermore PET/CT could assess for other areas of metastasis,



which may impact clinical decision making and survival. However, SUVmax alone cannot
differentiate benign from malignant nodules. SUVmax and total lesion glycolysis has been shown
to reliably identify malignant nodules, with a sensitivity of up to 85% [16].

Variant 5: Adult. 1 to 3 cm solitary solid pulmonary nodule in the periphery of the lung.
Previously treated nonpulmonary primary malignancy. Next step.
D. Percutaneous ablation lung

Ablation is safely employed in both metastatic disease and primary lung cancer. A solitary nodule
in the periphery of the lung would be amenable to any of the treatment modalities mentioned for
a solitary biopsy. Thermal ablation for curative intent in pulmonary metastases has similar
oncologic outcomes to surgery [70]. An important consideration is maintaining an ablative margin
>2 mm [71]. However, as a next step, lung ablation is usually not appropriate.

Variant 5: Adult. 1 to 3 cm solitary solid pulmonary nodule in the periphery of the lung.
Previously treated nonpulmonary primary malignancy. Next step.
E. Percutaneous lung biopsy

Given the fact that this lesion is at the periphery of the lung, it is likely that CT-guided biopsy
would be helpful. Especially for lesions such as described in the clinical scenario, CT-guided biopsy
is both accurate and well tolerated, with a reported yield of 63% to 98% with a core needle biopsy
[10,11,13]. Percutaneous biopsy can be performed using either conventional CT or cone-beam CT
[19].

Variant 5: Adult. 1 to 3 cm solitary solid pulmonary nodule in the periphery of the lung.
Previously treated nonpulmonary primary malignancy. Next step.
F. Stereotactic body radiotherapy

Following biopsy, SBRT may be considered. SBRT has been shown to be effective in achieving local
control from multiple different primary metastases [72]. There is no significant difference in tumor-
free survival between patients undergoing SBRT compared with ablation [73]. However, ablation
has been shown to be effective for patients with inoperable disease [74]. However, as a next step,
SBRT is usually not appropriate.

Variant 5: Adult. 1 to 3 cm solitary solid pulmonary nodule in the periphery of the lung.
Previously treated nonpulmonary primary malignancy. Next step.
G. Surgical management

Following biopsy confirmation of metastatic disease, surgery for oligometastatic disease in the
lung can be considered in the absence of metastases to other organs [75]. Unfortunately, there are
no published randomized control trials on surgery for oligometastatic disease to the lung.
However, several retrospective studies suggest surgical resection of pulmonary metastasis from
colorectal cancer confers a survival benefit. In patients who undergo resection, the 5-year survival
rate ranges from 40% to 68% [76]. There is also evidence that surgery has a 36% to 47% survival
for renal cell carcinoma metastasis [76].

Surgical intervention should also be considered in the context of when the primary tumor was
resected. Patients with 47 to 57 months of disease-free interval had a longer disease-free interval
than patients with synchronous metastasis [76]. There is no reported difference between VATS and
thoracotomy in terms of complete resection rate. However, VATS has a lower complication rate
and length of stay.

Variant 6: Adult. 1 to 3 cm solitary ground glass pulmonary nodule which has persisted on



short interval follow-up. Findings suspicious for primary lung adenocarcinoma. Next step.

A lesion with ground glass and suspicious features, such as an enlarging or persistent solid
component, is considered suspicious according to the ACR Lung-RADS criteria [17]. Primary lung
adenocarcinoma needs to be excluded and management should be focused on diagnosis.

Variant 6: Adult. 1 to 3 cm solitary ground glass pulmonary nodule which has persisted on
short interval follow-up. Findings suspicious for primary lung adenocarcinoma. Next step.
A. Endobronchial ultrasound and biopsy

Depending on lesion size and location, an endobronchial approach can be attempted for tissue
sampling. An acceptable sampling technique includes EBUS and biopsy especially if a lesion is
medial or near the mediastinum [27]. EBUS has a sampling accuracy of up to 95% [5].

In a peripheral nodule, diagnostic yield is lower using the endobronchial technique, with yields up
to 73% [28].

Variant 6: Adult. 1 to 3 cm solitary ground glass pulmonary nodule which has persisted on
short interval follow-up. Findings suspicious for primary lung adenocarcinoma. Next step.
B. Fiducial marker and surgical management

If the patient is a surgical candidate, fiducial placement can be accomplished by either a
percutaneous or endobronchial approach. In a lesion highly suspicious for lung malignancy, if
surgical management is planned, fiducial placement can be accomplished simultaneously with
biopsy. Transbronchial fiducial marker placement can be successful in up to 95% of cases [29].
However, in a single-center comparison of percutaneous and endobronchial techniques, the
transbronchial technique had a higher failure rate compared with the percutaneous technique,
which has a technical success rate of 100% [30]. Wedge resection could be considered if the
ground glass opacity is increasingly prominent or the patient is an appropriate surgical candidate.

Variant 6: Adult. 1 to 3 cm solitary ground glass pulmonary nodule which has persisted on
short interval follow-up. Findings suspicious for primary lung adenocarcinoma. Next step.
C. Follow-up imaging only

A lesion with ground glass and suspicious features, such as an enlarging or persistent solid
component, is considered suspicious according to the ACR Lung-RADS criteria. If the lesion is pure
ground glass, it is likely adenocarcinoma in situ. PET/CT could be considered if the solid
component is >8 mm [49]. PET/CT alone would not be considered most useful given the high
index of suspicion for this lesion, but it could guide further management and evaluate for
metastatic disease.

Variant 6: Adult. 1 to 3 cm solitary ground glass pulmonary nodule which has persisted on
short interval follow-up. Findings suspicious for primary lung adenocarcinoma. Next step.
D. Percutaneous ablation lung

For biopsy-confirmed malignancies, percutaneous ablation of ground glass nodules is safe and
effective, with similar rates of overall survival compared with surgery [33]. However, ablation has a
decreased length of stay compared with surgery. However, as a next step, lung ablation is usually
not appropriate.

Variant 6: Adult. 1 to 3 cm solitary ground glass pulmonary nodule which has persisted on
short interval follow-up. Findings suspicious for primary lung adenocarcinoma. Next step.
E. Percutaneous lung biopsy

CT of the chest with a solitary ground glass nodule >8 mm and concerning for adenocarcinoma



has several options for management, which are appropriate. For purely ground glass
nodules/opacities, there is a high potential for these lesions to reflect adenocarcinoma [77]. Even
beyond the recommended 5-year surveillance guidelines, pure ground glass opacities can reflect
indolent malignancy [78]. Therefore, tissue sampling to confirm diagnosis is considered. After
diagnosis has been confirmed, ablation or surgical management could be considered depending
on the patient’s surgical risk. If the lesion is a stable solitary ground glass nodule, the likelihood of
adenocarcinoma in situ has been shown to be up to 59% [77]. Therefore, biopsy, surgical
management, or ablation may be useful in this scenario.

Variant 6: Adult. 1 to 3 cm solitary ground glass pulmonary nodule which has persisted on
short interval follow-up. Findings suspicious for primary lung adenocarcinoma. Next step.
F. Stereotactic body radiotherapy

Considering the high-risk features from imaging in this patient, surgery, ablation, and SBRT can be
helpful considerations with biopsy-confirmed malignancy. There is no significant difference in
tumor-free survival between patients undergoing SBRT compared with ablation [73]. However,
ablation has been shown to be effective for patients with inoperable disease [74]. However, as a
next step, SBRT is usually not appropriate.

Variant 6: Adult. 1 to 3 cm solitary ground glass pulmonary nodule which has persisted on
short interval follow-up. Findings suspicious for primary lung adenocarcinoma. Next step.
G. Surgical management

Surgical management of heterogeneous ground glass or part-solid nodules has proven long-term
disease-free survival rates for malignant ground glass nodules, although there is a shorter disease-
free-survival rate in the part-solid group [79]. In a cohort comparing MWA and surgery, the
surgical group had a 100% cancer-specific survival rate [33]. An additional cohort of more than
1,000 patients demonstrated 100% recurrence-free survival rates in adenocarcinoma in situ who
underwent resection [80]. However, as a next step, surgical management is usually not appropriate.

Summary of Highlights

This is a summary of the key recommendations from the variant tables. Refer to the complete
narrative document for more information.

Variant 1: Follow-up imaging is usually appropriate. Tissue sampling is generally unnecessary
unless suspicious imaging features are present. Endobronchial or percutaneous biopsy is only
considered if concerning features arise and is usually not appropriate.

Variant 2: Percutaneous lung biopsy and EBUS with biopsy are usually appropriate and are
considered complementary approaches depending on nodule size and location. PET/CT may guide
planning but is not a substitute for sampling.

Variant 3: EBUS with biopsy is usually appropriate, particularly for central or hilar lesions.
Percutaneous biopsy may be appropriate as an alternative in select cases in which endobronchial
access is limited.

Variant 4: Percutaneous lung biopsy is usually appropriate. SBRT, endobronchial biopsy,
follow-up imaging, or percutaneous ablation may be appropriate alternatives depending on
patient comorbidities and procedural risks.

Variant 5: Percutaneous lung biopsy is usually appropriate. Endobronchial biopsy, surgical
resection, or fiducial marker placement may be appropriate depending on the clinical scenario and
oncologic history.



Variant 6: Percutaneous lung biopsy is usually appropriate. Endobronchial biopsy, surgical
resection, or fiducial placement may be appropriate alternatives depending on nodule location and
patient candidacy for surgery.

Supporting Documents

The evidence table, literature search, and appendix for this topic are available at
https://acsearch.acr.org/list. The appendix includes the strength of evidence assessment and the
final rating round tabulations for each recommendation.

For additional information on the Appropriateness Criteria methodology and other supporting
documents, please go to the ACR website at https://www.acr.org/Clinical-Resources/Clinical-Tools-
and-Reference/Appropriateness-Criteria.

Gender Equality and Inclusivity Clause

The ACR acknowledges the limitations in applying inclusive language when citing research studies
that predates the use of the current understanding of language inclusive of diversity in sex,
intersex, gender, and gender-diverse people. The data variables regarding sex and gender used in
the cited literature will not be changed. However, this guideline will use the terminology and
definitions as proposed by the National Institutes of Health.

Appropriateness Category Names and Definitions

Appropriateness Appropriateness

Category Name Rating Appropriateness Category Definition

The imaging procedure or treatment is indicated in
Usually Appropriate 7,8, 0r9 the specified clinical scenarios at a favorable risk-
benefit ratio for patients.

The imaging procedure or treatment may be
indicated in the specified clinical scenarios as an

May Be Appropriate 4,5 0rb6 alternative to imaging procedures or treatments with
a more favorable risk-benefit ratio, or the risk-benefit
ratio for patients is equivocal.

The individual ratings are too dispersed from the
panel median. The different label provides

5 transparency regarding the panel’s recommendation.
“May be appropriate” is the rating category and a
rating of 5 is assigned.

May Be Appropriate
(Disagreement)

The imaging procedure or treatment is unlikely to be
indicated in the specified clinical scenarios, or the
risk-benefit ratio for patients is likely to be
unfavorable.

Usually Not Appropriate 1,2,0r3

References

1. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA Cancer J Clin 2024;74:12-49.

2. Farjah F, Monsell SE, Smith-Bindman R, et al. Fleischner Society Guideline Recommendations


https://acsearch.acr.org/list
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria

10.

11.

12.

13.

14.

15.

16.

17.

for Incidentally Detected Pulmonary Nodules and the Probability of Lung Cancer. J. Am. Coll.
Radiol.. 19(11):1226-1235, 2022 Nov.

Sandler KL, Henry TS, Amini A, et al. ACR Appropriateness Criteria® Lung Cancer Screening:
2022 Update. J Am Coll Radiol 2023;20:594-S101.

Mendoza DP, Petranovic M, Som A, et al. Lung-RADS Category 3 and 4 Nodules on Lung
Cancer Screening in Clinical Practice. AJR Am J Roentgenol. 219(1):55-65, 2022 07.

Takeuchi Y, Shinagawa N, Kikuchi E, et al. The predictive value of endobronchial
ultrasonography with a guide sheath in the diagnosis of the histologic subtypes of lung
cancer. Respir Investig. 54(6):473-478, 2016 Nov.

Eom JS, Mok JH, Kim |, et al. Radial probe endobronchial ultrasound using a guide sheath
for peripheral lung lesions in beginners. BMC polm. med.. 18(1):137, 2018 Aug 13.

Nadig TR, Thomas N, Nietert PJ, et al. Guided Bronchoscopy for the Evaluation of Pulmonary
Lesions: An Updated Meta-analysis. Chest 2023;163:1589-98.

Kang N, Shin SH, Yoo H, et al. Infectious complications of EBUS-TBNA: A nested case-
control study using 10-year registry data. Lung Cancer 2021;161:1-8.

Fu YF, Zhang JH, Wang T, Shi YB. Endobronchial ultrasound-guided versus computed
tomography-guided biopsy for peripheral pulmonary lesions: A meta-analysis. Clin Respir J
2021;15:3-10.

Chowdhry VK, Chowdhry AK, Goldman N, Scalzetti EM, Grage RA, Bogart JA. Complications
from computed tomography-guided core needle biopsy for patients receiving stereotactic
body radiation therapy for early-stage lesions of the lung. CLIN LUNG CANCER. 15(4):302-6,
2014 Jul.

Maxwell AW, Klein JS, Dantey K, Mount SL, Butnor KJ, Leiman G. CT-guided transthoracic
needle aspiration biopsy of subsolid lung lesions. J Vasc Interv Radiol. 25(3):340-6, 346.e1,
2014 Mar.

Sargent T, Kolderman N, Nair GB, Jankowski M, Al-Katib S. Risk Factors for Pneumothorax
Development Following CT-Guided Core Lung Nodule Biopsy. J Bronchology Interv
Pulmonol. 29(3):198-205, 2022 Jul 01.

Aktas AR, Gozlek E, Yilmaz O, et al. CT-guided transthoracic biopsy: histopathologic results
and complication rates. Diagn Interv Radiol. 21(1):67-70, 2015 Jan-Feb.

Rodrigues JCL, Pierre AF, Hanneman K, et al. CT-guided Microcoil Pulmonary Nodule
Localization prior to Video-assisted Thoracoscopic Surgery: Diagnostic Utility and
Recurrence-Free Survival. Radiology. 291(1):214-222, 2019 04.

Rostambeigi N, Scanlon P, Flanagan S, et al. CT Fluoroscopic-Guided Coil Localization of
Lung Nodules prior to Video-Assisted Thoracoscopic Surgical Resection Reduces
Complications Compared to Hook Wire Localization. J Vasc Interv Radiol. 30(3):453-459,
2019 03.

Gungor S, Gunaydin UM, Yakar HI, Simsek ET, Akbiyik AG, Keskin H. Total Lesion Glycolysis
Obtained by FDG PET/CT in Diagnosing Solitary Pulmonary Nodules. J Coll Physicians Surg
Pak 2023;33:27-31.

Christensen J, Prosper AE, Wu CC, et al. ACR Lung-RADS v2022: Assessment Categories and
Management Recommendations. J Am Coll Radiol 2023.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Higuchi M, Honjo H, Shigihara T, Shishido F, Suzuki H, Gotoh M. A phase Il study of
radiofrequency ablation therapy for thoracic malignancies with evaluation by FDG-PET. J
Cancer Res Clin Oncol. 140(11):1957-63, 2014 Nov.

Ren Q, Zhou Y, Yan M, Zheng C, Zhou G, Xia X. Imaging-guided percutaneous transthoracic
needle biopsy of nodules in the lung base: fluoroscopy CT versus cone-beam CT. Clin
Radiol. 77(5):e394-e399, 2022 05.

Grange R, Sarkissian R, Bayle-Bleuez S, et al. Preventive tract embolization with gelatin
sponge slurry is safe and considerably reduces pneumothorax after CT-guided lung biopsy
with use of large 16-18 coaxial needles. Br J Radiol. 95(1133):20210869, 2022 May 01.

Sum R, Lau T, Paul E, Lau K. Gelfoam slurry tract occlusion after computed tomography-
guided percutaneous lung biopsy: Does it prevent major pneumothorax?. J Med Imaging
Radiat Oncol. 65(6):678-685, 2021 Oct.

Zlevor AM, Mauch SC, Knott EA, et al. Percutaneous Lung Biopsy with Pleural and
Parenchymal Blood Patching: Results and Complications from 1,112 Core Biopsies. J Vasc
Interv Radiol. 32(9):1319-1327, 2021 09.

Drumm O, Joyce EA, de Blacam C, et al. CT-guided Lung Biopsy: Effect of Biopsy-side Down
Position on Pneumothorax and Chest Tube Placement. Radiology. 292(1):190-196, 2019 07.

De Filippo M, Saba L, Silva M, et al. CT-guided biopsy of pulmonary nodules: is pulmonary
hemorrhage a complication or an advantage?. Diagn Interv Radiol. 20(5):421-5, 2014 Sep-
Oct.

Uhlig J, Ludwig JM, Goldberg SB, Chiang A, Blasberg JD, Kim HS. Survival Rates after
Thermal Ablation versus Stereotactic Radiation Therapy for Stage 1 Non-Small Cell Lung
Cancer: A National Cancer Database Study. Radiology. 289(3):862-870, 2018 12.

Miyahara N, Nii K, Benazzo A, et al. Solid predominant subtype in lung adenocarcinoma is
related to poor prognosis after surgical resection: A systematic review and meta-analysis.
Eur J Surg Oncol. 45(7):1156-1162, 2019 Jul.

Nasir BS, Yasufuku K, Liberman M. When Should Negative Endobronchial Ultrasonography
Findings be Confirmed by a More Invasive Procedure?. Ann Surg Oncol. 25(1):68-75, 2018
Jan.

Lee KM, Lee G, Kim A, et al. Clinical outcomes of radial probe endobronchial ultrasound
using a guide sheath for diagnosis of peripheral lung lesions in patients with pulmonary
emphysema. Respir Res 2019;20:177.

Bowling MR, Folch EE, Khandhar SJ, et al. Fiducial marker placement with electromagnetic
navigation bronchoscopy: a subgroup analysis of the prospective, multicenter NAVIGATE
study. Therap. adv. respir. dis.. 13:1753466619841234, 2019 Jan-Dec.

Moran DE, Parikh M, Sheiman RG, et al. Comparison of technical success and safety of
transbronchial versus percutaneous CT-guided fiducial placement for SBRT of lung tumors. J
Med Imaging Radiat Sci 2021;52:409-16.

Hanauer M, Perentes JY, Krueger T, et al. Pre-operative localization of solitary pulmonary
nodules with computed tomography-guided hook wire: report of 181 patients. J
Cardiothorac Surg 2016;11:5.

Mendogni P, Daffre E, Rosso L, et al. Percutaneous lung microwave ablation versus lung



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

resection in high-risk patients. A monocentric experience. Acta Biomed Ateneo Parmense.
91(10-S):e2020002, 2020 09 23.

Han X, Wei Z, Zhao Z, Yang X, Ye X. Cost and effectiveness of microwave ablation versus
video-assisted thoracoscopic surgical resection for ground-glass nodule lung
adenocarcinoma. Front. oncol.. 12:962630, 2022.

Tan C, Fisher OM, Huang L, et al. Comparison of Microwave and Radiofrequency Ablation in
the Treatment of Pulmonary Metastasis of Colorectal Cancer. Anticancer Res. 42(9):4563-
4571, 2022 Sep.

Palussiere J, Chomy F, Savina M, et al. Radiofrequency ablation of stage IA non-small cell
lung cancer in patients ineligible for surgery: results of a prospective multicenter phase Il
trial. J Cardiothorac Surg. 13(1):91, 2018 Aug 24.

Bourgouin PP, Wrobel MM, Mercaldo ND, et al. Comparison of Percutaneous Image-Guided
Microwave Ablation and Cryoablation for Sarcoma Lung Metastases: A 10-Year Experience.
AJR Am J Roentgenol. 218(3):494-504, 2022 03.

He C, Zhao L, Yu HL, et al. Incidence and risk factors for pulmonary hemorrhage after
percutaneous CT-guided pulmonary nodule biopsy: an observational study. Sci Rep
2024;14:7348.

Uhlig J, Mehta S, Case MD, et al. Effectiveness of Thermal Ablation and Stereotactic
Radiotherapy Based on Stage | Lung Cancer Histology. J Vasc Interv Radiol. 32(7):1022-
1028.e4, 2021 07.

Timmerman RD, Paulus R, Pass HI, et al. Stereotactic Body Radiation Therapy for Operable
Early-Stage Lung Cancer: Findings From the NRG Oncology RTOG 0618 Trial. JAMA Oncol.
4(9):1263-1266, 2018 09 01.

Mulvihill MS, Cox ML, Becerra DC, et al. Higher Use of Surgery Confers Superior Survival in
Stage | Non-Small Cell Lung Cancer. Ann Thorac Surg. 106(5):1533-1540, 2018 11.

Altorki N, Wang X, Damman B, et al. Lobectomy, segmentectomy, or wedge resection for
peripheral clinical T1TaNO non-small cell lung cancer: A post hoc analysis of CALGB 140503
(Alliance). The Journal of thoracic and cardiovascular surgery 2024;167:338-47 el.

Sato S, Nakamura M, Shimizu Y, et al. The impact of emphysema on surgical outcomes of
early-stage lung cancer: a retrospective study. BMC polm. med.. 19(1):73, 2019 Apr 04.

Balekian AA, Wisnivesky JP, Gould MK. Surgical Disparities Among Patients With Stage |
Lung Cancer in the National Lung Screening Trial. Chest. 155(1):44-52, 2019 01.

Dziedzic R, Marjanski T, Binczyk F, Polanska J, Sawicka W, Rzyman W. Favourable outcomes
in patients with early-stage non-small-cell lung cancer operated on by video-assisted
thoracoscopic surgery: a propensity score-matched analysis. Eur J Cardiothorac Surg.
54(3):547-553, 2018 09 01.

Nitsche LJ, Jordan S, Demmy T, et al. Analyzing the impact of minimally invasive surgical
approaches on post-operative outcomes of pneumonectomy and sleeve lobectomy
patients. J Thorac Dis 2023;15:2497-504.

Um SW, Kim HK, Jung SH, et al. Endobronchial ultrasound versus mediastinoscopy for
mediastinal nodal staging of non-small-cell lung cancer. J Thorac Oncol. 10(2):331-7, 2015
Feb.



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Sakata KK, Midthun DE, Mullon JJ, et al. Comparison of Programmed Death Ligand-1
Immunohistochemical Staining Between Endobronchial Ultrasound Transbronchial Needle
Aspiration and Resected Lung Cancer Specimens. Chest. 154(4):827-837, 2018 10.

Majid A, Palkar A, Kheir F, et al. Convex Probe EBUS-guided Fiducial Placement for
Malignant Central Lung Lesions. J Bronchology Interv Pulmonol. 25(4):283-289, 2018 Oct.

American College of Radiology. ACR Lung-RADS v2022. Available at: https://www.acr.org/-
/media/ACR/Files/RADS/Lung-RADS/Lung-RADS-2022.pdf.

Park SY, Lee SJ, Han JH, Koh YW. Association between 18F-FDG uptake in PET/CT, Nrf2, and
NQO1 expression and their prognostic significance in non-small cell lung cancer.
Neoplasma. 66(4):619-626, 2019 07 23.

Colak E, Tatli S, Shyn PB, Tuncali K, Silverman SG. CT-guided percutaneous cryoablation of
central lung tumors. Diagn Interv Radiol. 20(4):316-22, 2014 Jul-Aug.

Zuo T, Lin W, Liu F, Xu J. Artificial pneumothorax improves radiofrequency ablation of
pulmonary metastases of hepatocellular carcinoma close to mediastinum. BMC Cancer.
21(1):505, 2021 May 06.

Hur J, Lee HJ, Byun MK, et al. Computed tomographic fluoroscopy-guided needle aspiration
biopsy as a second biopsy technique after indeterminate transbronchial biopsy results for
pulmonary lesions: comparison with second transbronchial biopsy. J Comput Assist Tomogr
2010;34:290-5.

Yin ZY, Lin ZY, Wang Y, et al. Risk factors of complications after CT-guided percutaneous
needle biopsy of lumps near pulmonary hilum. J Huazhong Univ Sci Technolog Med Sci
2015;35:278-82.

Rosen JE, Salazar MC, Wang Z, et al. Lobectomy versus stereotactic body radiotherapy in
healthy patients with stage | lung cancer. The Journal of thoracic and cardiovascular surgery
2016;152:44-54 €9.

Till BM, Whitehorn G, Mack SJ, et al. Hospital Utilization of Stereotactic Body Radiation
Therapy and Rates of Surgical Refusal. Ann Thorac Surg. 115(2):347-354, 2023 02.

Kubo N, Suefuji H, Nakajima M, et al. Five-Year Survival Outcomes After Carbon-lon
Radiotherapy for Operable Stage | NSCLC: A Japanese National Registry Study (J-CROS-
LUNG). J Thorac Oncol 2024;19:491-99.

Zhang Y, Ma X, Shen X, et al. Surgery for pre- and minimally invasive lung adenocarcinoma.
J Thorac Cardiovasc Surg. 163(2):456-464, 2022 02.

Gao HJ, Jiang ZH, Gong L, et al. Video-Assisted Vs Thoracotomy Sleeve Lobectomy for Lung
Cancer: A Propensity Matched Analysis. Ann Thorac Surg. 108(4):1072-1079, 2019 10.

Murgu S, Chen AC, Gilbert CR, et al. A Prospective, Multicenter Evaluation of Safety and
Diagnostic Outcomes With Robotic-Assisted Bronchoscopy: Results of the Transbronchial
Biopsy Assisted by Robot Guidance in the Evaluation of Tumors of the Lung (TARGET) Trial.
Chest 2025;168:539-55.

Ohta K, Shimohira M, Ilwata H, et al. Percutaneous fiducial marker placement under CT
fluoroscopic guidance for stereotactic body radiotherapy of the lung: an initial experience. )
Radiat Res 2013;54:957-61.

Bonichon F, Palussiere J, Godbert Y, et al. Diagnostic accuracy of 18F-FDG PET/CT for



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

assessing response to radiofrequency ablation treatment in lung metastases: a multicentre
prospective study. Eur J Nucl Med Mol Imaging. 40(12):1817-27, 2013 Dec.

Zhong J, Chen J, Lin R, et al. Phrenic nerve injury after the percutaneous microwave ablation
of lung tumors: A single-center analysis. J Cancer Res Ther. 18(7):2001-2005, 2022 Dec.

Wrobel MM, Cahalane AM, Pachamanova D, et al. Comparison of expected imaging findings
following percutaneous microwave and cryoablation of pulmonary tumors: ablation zones
and thoracic lymph nodes. Eur Radiol. 32(12):8171-8181, 2022 Dec.

Abrishami Kashani M, Murphy MC, Saenger JA, et al. Risk of persistent air leaks following
percutaneous cryoablation and microwave ablation of peripheral lung tumors. European
radiology 2023;33:5740-51.

Baust JG, Gage AA, Bjerklund Johansen TE, Baust JM. Mechanisms of cryoablation: clinical
consequences on malignant tumors. Cryobiology 2014;68:1-11.

Fakiris AJ, McGarry RC, Yiannoutsos CT, et al. Stereotactic body radiation therapy for early-
stage non-small-cell lung carcinoma: four-year results of a prospective phase Il study. Int J
Radiat Oncol Biol Phys. 2009; 75(3):677-682.

Choi S, Park J. Surgical outcomes and prognosis of non-small-cell lung cancer in patients
with chronic lung diseases: a retrospective analysis. Eur J Cardiothorac Surg. 58(2):357-364,
2020 08 01.

Trumm CG, Haussler SM, Muacevic A, et al. CT fluoroscopy-guided percutaneous fiducial
marker placement for CyberKnife stereotactic radiosurgery: technical results and
complications in 222 consecutive procedures. J Vasc Interv Radiol 2014;25:760-8.

Karam E, Tabutin M, Mastier C, et al. Curative-intent treatment of pulmonary metastases
from colorectal cancer: A comparison between imaging-guided thermal ablation and
surgery. J Surg Oncol. 127(1):183-191, 2023 Jan.

Hasegawa T, Takaki H, Kodama H, et al. Impact of the Ablative Margin on Local Tumor
Progression after Radiofrequency Ablation for Lung Metastases from Colorectal Carcinoma:
Supplementary Analysis of a Phase Il Trial (MLCSG-0802). J Vasc Interv Radiol. 34(1):31-
37.e1, 2023 Jan.

Tetta C, Carpenzano M, Algargoush ATJ, et al. Non-surgical Treatments for Lung Metastases
in Patients with Soft Tissue Sarcoma: Stereotactic Body Radiation Therapy (SBRT) and
Radiofrequency Ablation (RFA). Curr Med Imaging. 17(2):261-275, 2021.

Safi S, Rauch G, op den Winkel J, et al. Sublobar Resection, Radiofrequency Ablation or
Radiotherapy in Stage | Non-Small Cell Lung Cancer. Respiration. 89(6):550-7, 2015.

Wu X, Uhlig J, Blasberg JD, et al. Microwave Ablation versus Stereotactic Body Radiotherapy
for Stage | Non-Small Cell Lung Cancer: A Cost-Effectiveness Analysis. J Vasc Interv Radiol.
33(8):964-971.e2, 2022 08.

Zellweger M, Abdelnour-Berchtold E, Krueger T, Ris HB, Perentes JY, Gonzalez M. Surgical
treatment of pulmonary metastasis in colorectal cancer patients: Current practice and
results. Crit Rev Oncol Hematol 2018;127:105-16.

Markowiak T, Dakkak B, Loch E, et al. Video-assisted pulmonary metastectomy is equivalent
to thoracotomy regarding resection status and survival. J Cardiothorac Surg. 16(1):84, 2021
Apr 15.



77. Cho J, Ko SJ, Kim SJ, et al. Surgical resection of nodular ground-glass opacities without
percutaneous needle aspiration or biopsy. BMC Cancer. 14:838, 2014 Nov 18.

78. Herskovitz E, Solomides C, Barta J, Evans N 3rd, Kane G. Detection of lung carcinoma arising
from ground glass opacities (GGO) after 5 years - A retrospective review. Respir Med.
196:106803, 2022 05.

79. Koike H, Ashizawa K, Tsutsui S, et al. Surgically resected lung adenocarcinoma: do
heterogeneous GGNs and part-solid nodules on thin-section CT show different prognosis?.
Jpn J Radiol. 41(2):164-171, 2023 Feb.

80. Li D, Deng C, Wang S, Li Y, Zhang Y, Chen H. Ten-year follow-up of lung cancer patients
with resected adenocarcinoma in situ or minimally invasive adenocarcinoma: Wedge
resection is curative. J Thorac Cardiovasc Surg. 164(6):1614-1622.e1, 2022 12.

81. Measuring Sex, Gender Identity, and Sexual Orientation.

Disclaimer

The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for
determining appropriate imaging examinations for diagnosis and treatment of specified medical
condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring
physicians in making decisions regarding radiologic imaging and treatment. Generally, the complexity and
severity of a patient’s clinical condition should dictate the selection of appropriate imaging procedures or
treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked.
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of
this condition are not considered in this document. The availability of equipment or personnel may
influence the selection of appropriate imaging procedures or treatments. Imaging techniques classified as
investigational by the FDA have not been considered in developing these criteria; however, study of new
equipment and applications should be encouraged. The ultimate decision regarding the appropriateness
of any specific radiologic examination or treatment must be made by the referring physician and
radiologist in light of all the circumstances presented in an individual examination.
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