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ules that after investigations are proven to be 
benign) [4, 10–12]. These investigations, often 
invasive, result in related morbidities and mor-
talities, potentially offsetting the survival ben-
efit from the early lung cancer detection.

The International Early Lung Cancer 
Action Project (I-ELCAP) developed a 
straightforward algorithm for assessing in-
determinate nodules that would provide 
the inclusion diagnosis of lung cancer [1]. 
This study protocol provides a definition for 
suspicious pulmonary nodules and recom-
mends a diagnostic regimen to be followed 
once these nodules are described. The proto-
col provides suggestions only; the exact de-
cision for the follow-up strategies is left to 
the patient and physician and depends on the 
expertise of the institution.
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T
he advent of low-dose helical CT 
screening introduced for the early 
detection of lung cancer in the ear-
ly 1990s has generated a wide-

spread interest, resulting in the diagnosis of a 
high number of pulmonary nodules and early-
stage peripheral lung cancers [1–6]. In direct 
comparison with chest radiography, low-dose 
CT can identify more small pulmonary lesions 
in the lungs of current and former smokers [1] 
and more early-stage lung cancers [3]. Recent-
ly, a 20% mortality benefit in the CT screening 
arm (compared with chest radiographs) has 
been found in the United States [7, 8]; and 
mortality remains under investigation in Euro-
pean studies as well [9]. Low-dose CT screen-
ing has been criticized because of the large 
number of false-positive results (i.e., lung nod-
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OBJECTIVE. The purpose of this article is to address the implications of invasive 
diagnostic procedures recommended by a lung cancer screening protocol. In particular, we 
assess how many invasive procedures were recommended for benign nodules.

MATERIALS AND Methods.  Between 2003 and 2009, 4782 high-risk current 
and former smokers were enrolled in a lung cancer screening study. A helical low-dose 
CT of the chest was performed. Morphologic features targeted were parenchymal nodules. 
The indication for biopsy was made according to the diagnostic algorithm provided by the 
International Early Lung Cancer Action Program. We recorded the time points of biopsy 
recommendation; shape, size, and growth of nodules; types of diagnostic procedures; 
complication rates; and final pathologic diagnosis.

Results.  A total of 128 diagnostic biopsies were recommended for suspicious nodules, 
and 127 biopsies were performed, including 110 percutaneous CT-guided fine-needle 
aspiration biopsies (FNABs), nine video-assisted thoracoscopic surgery (VATS) resections, 
seven bronchoscopies, and one ultrasound-guided biopsy of a lymph node. Of 110 FNABs, 
24 had unsatisfactory results, 13 of which were referred for secondary diagnostic VATS 
resection. The indication for biopsy was made on the basis of shape in 48% of cases (62/128), 
growth on follow-up in 40% of cases (51/128), and the appearance of new nodules in 12% 
of cases (15/128). In total, 104 of 124 biopsies (84%) were correctly indicated (true-positive 
recommendation) for malignancy, 20 were benign (false-positive) (16%), and final results are 
pending for four cases. The overall false-positive recommendation rate was 0.42% (20/4782); 
11.6% of FNABs (16/128) and 3.6% of VATS (5/128) revealed benign nodules, corresponding 
to an overall false-positive rate of 0.33% for FNAB (16/4782) and 0.10% for VATS (5/4782).

Conclusion.  The recommended biopsy procedures for screen-detected suspicious 
pulmonary nodules resulted in a low intervention rate for benign nodules. This rate is mini-
mal when we followed a research protocol that relies on shape and growth.
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The purpose of this article is to assess the 
impact of biopsy recommendations from a 
lung cancer screening study that followed the 
I-ELCAP protocol for conservative and inva-
sive follow-up of lung nodules.

Materials and Methods
Participants and Study Protocol

Between June 2003 and June 2009, the lung 
cancer screening study at the Princess Margaret 
Hospital in Toronto enrolled 4782 participants as 
part of the I-ELCAP. Inclusion criteria were age of 
at least 50 years, current or former cigarette smok-
er of at least 10 pack-years, and otherwise self-
reported in good health. Exclusion criteria were 
history of cancer (except nonmelanotic skin can-
cer). Study participation was voluntary and fol-
lowed written informed consent; the institutional 
review board had approved the protocol.

All participants who were enrolled in the study 
underwent a baseline low-dose CT examination. 
According to the I-ELCAP diagnostic protocol, 
the baseline CT scans were negative if there were 
no nodules at least 5 mm in size. A baseline CT 
scan was termed positive if at least one indetermi-
nate noncalcified solid or part-solid nodule 5 mm 
or larger in size or nonsolid nodule 8 mm or larger 
in size was identified. For annual repeat scans, the 
result was positive if at least one noncalcified nod-
ule had grown in the interim or was newly seen. 
Positive low-dose CT scans were followed up de-
pending on the shape and the diameter of the larg-
est nodules. The I-ELCAP protocol recommend-
ed biopsy immediately when noncalcified nodules 
were 15 mm or larger in size, 1 month after receiv-
ing antibiotics with no decrease in size of the nod-
ules, and when interval growth was seen.

Imaging Technique
All CT scans were acquired on various MDCT 

scanners within the Department of Medical Imag-
ing at the University Health Network in Toronto, 
equipped with different number of channels, rang-
ing from 4- to 64-MDCT scanners, and from var-
ious manufacturers (LightSpeed Advantage, GE 
Healthcare; Aquilion, Toshiba Medical Systems). 
All scans were performed with a low-dose tech-
nique (120 kVp and 40–60 mA) and thin-slice ac-
quisition (1–1.25-mm axial reconstructions).

Image Review and Decision for Biopsy 
Recommendation

The images were reviewed on a PACS worksta-
tion (eFilm, Merge Healthcare). The workstation 
provided all previous CT studies, if any, for com-
parison. A standard soft-tissue window (window 
width, 350 HU; window level, 25 HU) and lung 
window (window width, 1500 HU; window level, 

−650 HU) were used. If the nodule’s appearance 
was suggestive of lung cancer, it was discussed be-
tween the reviewing radiologist on service (all of 
whom were chest radiologists with 7–30 years of 
experience) and the principal investigator (with 
10 years of experience), and the decision for fol-
low-up or biopsy recommendation was made by 
consensus. If patients did not keep their recom-
mended follow-up appointments, their prima-
ry care physicians were contacted to ensure that 
procedures would be performed. The indication 
for biopsy was made when a solitary nodule mea-
sured 15 mm or more, a solid nodule had grown on 
follow-up scans, or a nonsolid or part-solid nod-
ule persisted in size and did not resolve on 1- or 
3-month follow-up scans. The I-ELCAP protocol 
included PET as an optional noninvasive imaging 
modality to characterize noncalcified pulmonary 
nodules larger than 10 mm. PET was not routinely 
available in our institution, so we relied on nodule 
size, shape, and growth for making the decision of 
biopsy recommendation.

Invasive Procedures
We followed the I-ELCAP protocol and pre-

dominantly performed transthoracic fine-needle 
aspiration biopsy (FNAB) as the invasive diag-
nostic procedure. The FNABs were performed in 
our institution by the radiologist on service. Be-
tween 2003 and 2006, a 4-MDCT scanner (As-
terion, Toshiba, Medical Systems) was used for 
image guidance. Since 2006, a 64-MDCT scan-
ner (Aquilion 64, Toshiba, Medical Systems) has 
been used. Our protocol included a coaxial tech-
nique using a 19-gauge outer coaxial needle (Tru-
guide, C. R. Bard) and a 22-gauge inner dispos-

able biopsy needle (Greene, Cook Medical). The 
correct needle position was documented on thin-
section CT images in all cases. Subsequent aspi-
rates were obtained and immediately reviewed by 
the collaborating cytopathologist. The number of 
passes was based on adequacy of the specimen, as 
assessed by the cytopathologist, and on CT confir-
mation of the position of the needle tip.

Nodules not accessible for FNAB were referred 
to thoracic surgery, and video-assisted thoracoscop-
ic surgery (VATS) resections were arranged. In cas-
es of an endobronchial nodule, the thoracic surgeon 
or pneumologist performed a bronchoscopy.

Assessment of Nodule Characteristics  
and Other Data

The overall number of suspicious nodules rec-
ommended for biopsy was evaluated, as well as the 
number and results of FNABs and other types of 
diagnostic procedures. For all surgical resections, 
the final histopathologic analysis was reviewed to 
define biopsy recommendations for malignant le-
sions (true-positive) and benign lesions (false-pos-
itive); for cases without histopathologic analysis, 
the nodule nature was determined by long-term 
follow-up. We also noted the time point of biop-
sy recommendation, whether it was the result of a 
baseline scan, annual repeat, or other. The nodule 
shape was characterized by size (maximum length 
in millimeters), attenuation, and rim (solid with 
smooth, lobulated, or spiculated margins; part-
solid; nonsolid; or cavitated). For growth assess-
ment, bidimensional caliper measurements were 
compared with results from previous scans. To as-
sess the number and types of complications of all 
nonsurgical and surgical diagnostic procedures 

Biopsy recommendation
(n = 128)

Biopsy
performed
(n = 127)

FNAB
performed
(n = 110)

FNAB
aborted
(n = 2)

Other
procedure

(n = 17)

FNAB of a
supraclavicular

lymph node
(n = 1)

Bronchoscopy
(n = 7)

Diagnostic
VATS

resection
(n = 9)

No biopsy
performed

(n = 1)

Satisfactory
cells for

diagnosis
(n = 84)

Unsatisfactory
limited cells

(n = 24)

Secondary
diagnostic

VATS resection
(n = 13)

Fig. 1—Flowchart of biopsy recommendation of suspicious pulmonary nodules. FNAB = fine-needle aspiration 
biopsy, VATS = video-assisted thoracoscopic surgery.
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performed, the patients’ electronic charts were re-
viewed. All data were presented as medians in-
cluding range or percentages.

Results
Subject Demographics

The 4782 study participants included 2127 
men (44%) and 2655 women (56%). The me-
dian age was 60 years (range, 50–83 years). 
The self-reported median smoking histo-
ry was 34 pack-years (range, 10–189 pack-
years). There were 1654 current smokers 
(35%) and 3128 former smokers (65%).

Invasive Procedures
The overview of lung biopsy recommen-

dations and procedures is summarized in 
Figure 1. Overall, 128 suspicious lesions 
in 128 participants were recommended for 
biopsy. For one participant, the supervis-
ing surgeon declined any invasive diagnos-
tic procedures because of the subject’s ad-
vanced age and severe emphysema.

The most common biopsy procedure was 
a transthoracic CT-guided FNAB (110/128 
[86%]). In two participants, an FNAB was 
recommended because of baseline nodule 
shape (spiculated, cavitary, or lobulated) 
and size (12 and 17 mm, respectively), but 
the procedures were aborted because of in-
terval decreases in size of the targeted nod-

ule, which were documented on the limited 
planning images obtained immediately be-
fore the procedure (Fig. 2). Seventeen par-
ticipants underwent other invasive diag-
nostic procedures (13%), including seven 
bronchoscopies for endobronchial or para-
hilar lesions, one ultrasound-guided FNAB 
of an enlarged supraclavicular lymph node, 
and nine diagnostic VATS resections. These 
diagnostic VATS resections were performed 
because three participants were extreme-
ly needle phobic. In two other cases, FNAB 
procedures were abandoned before needle 
placement because of vasovagal reaction and 
difficult access of a nodule in an uncoopera-
tive individual. In four participants, the pul-
monary nodules were positioned in a chal-
lenging paraaortic or paracaval location (Fig. 
3). In addition, 13 subjects (10%) with in-
conclusive FNAB results (Fig. 4) underwent 
subsequent VATS resection as a secondary 
diagnostic intervention for adequate tissue 
diagnosis (discussed later in this article).

Shape, Growth, and Size Criteria for  
Biopsy Recommendation

Shape was the most important criterion 
that led to biopsy recommendations (62/128 
[48%]), especially within the first year 
(62/79 [78.5%]); 31 of those 79 recommen-
dations (39.2%) were from findings on base-

line scans, and 31 others were recommended 
for biopsy within 1, 3, or 6 months because 
of lack of regression (Table 1). Most of the 
nodules within the first year were part-sol-
id (18/62 [29%]) followed by solid (17/62 
[27%]), spiculated (13/62 [21%]), nonsol-
id (9/62 [15%]), and cavitary (5/62 [8%]) 
nodules. In total, three nodules were rec-
ommended for biopsy after a routine annual 
scan; all of them were growing nodules (two 
were solid and one was nonsolid).

Growth assessment was the basis for 40% 
of biopsy recommendations (51/128); 15 
of 128 nodules (12%) were new on annual 
CT scans or later (Fig. 5). The majority of 
growing nodules were solid (32/51 [63%]), 
12 were part-solid (24%), and two had ini-
tial nonsolid appearance. Five nodules were 
nonsolid (Fig. 4), one was spiculated, and 
one was cavitating. Of all 15 new nodules, 
14 were smooth or lobulated solid; one was 
a cavitating nodule that was detected on a 
2-year follow-up scan. In our cohort, 58 of 
128 nodules (45%) were recommended for 
biopsies that were 15 mm or smaller.

Result of Biopsy Recommendation
The results from 108 FNAB procedures 

showed obvious malignant cells in 79 cases 
(73%), benign cells in five cases (5%), and 
inconclusive or unsatisfactory results in 24 

A

Fig. 2—56-year-old woman with cavitary pulmonary nodule seen on baseline scan. 
A, Baseline scan shows evidence of 18 × 18-mm ill-defined nodule in right upper lobe with central cavitation. Immediate biopsy was scheduled. 
B, Image shows initial limited scan of pulmonary nodule before biopsy. There was interval decrease in size (13 × 12 mm) and smaller central cavitation. Biopsy was 
aborted. 
C, Twelve-month follow-up low-dose CT of same level shows further markedly decrease in nodule size.
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cases (22%). This last group included results 
where the cytopathologist considered that the 
pulmonary nodule might not have been tar-
geted during the procedure. The two abort-
ed procedures were closely monitored; the 
nodules were resolving on subsequent low-
dose CT scans (Fig. 2). For the 24 cases with 
unsatisfactory FNAB results, the decisions 

about further procedures were based on how 
suspicious the nodules appeared; for 13 par-
ticipants, a diagnosis was obtained by VATS 
resection (nine malignant and four benign 
nodules), and for 11 participants, follow-up 
low-dose CT scans were performed for at 
least 2 more years. The latter group showed 
either resolving or stable nodules in seven 

cases, which was reassuring for benign nod-
ules. Four nodules remained stable (one solid 
and three nonsolid); they were considered as 
either benign (likely atypical adenomatous 
hyperplasia [AAH]) or possible bronchioal-
veolar carcinoma, and currently they still re-
main under active surveillance.

All seven bronchoscopies and one ultra-
sound-guided lymph nodule biopsy revealed 
malignant cells. The nine primary diagnostic 
VATS procedures for parenchymal nodules 
showed malignancies in eight cases and a be-
nign lesion in one case (Fig. 4). The subject 
whose FNAB was declined by the supervis-
ing surgeon showed no growth of the nodule 
for 2.5 more years, which was reassuring for 
a benign nodule.

For four of 128 biopsy recommendations, 
an FNAB was performed but yielded unsatis-
factory results. Three were multifocal bilateral 
nonsolid nodules with minimal growth on 18- 
and 24-month follow-up studies, and in one 
case, there is no growth documented. One par-
ticipant showed a stable smooth solid nodule 
on a recent 36-month follow-up study.

A B

Fig. 3—74-year-old woman with slowly growing 
part-solid nodule. 
A, Baseline scan shows 5-mm part-solid nodule 
(arrow) in mediobasal segment of right lower lobe. 
B, Two-year follow-up low-dose CT scan shows 
interval nodule (arrow) growth up to 9 mm. Nodule 
was recommended for biopsy, but position next to 
left atrium was contraindicating for fine-needle 
aspiration biopsy. Participant underwent video-
assisted thoracoscopic surgery. Histopathologic 
analysis revealed atypical adenomatous hyperplasia 
without malignant cells.

A

Fig. 4—Two patients with nonsolid nodules with 
inconclusive results on fine-needle aspiration biopsies 
(FNABs). 
A and B, 62-year-old woman. Baseline scan (A) shows 
nonsolid nodule in left upper lobe measuring 10 mm. 
Follow-up low-dose CT at 2 years and 3 months (B) 
shows minimal growth up to 12 mm. Subsequent FNAB 
was unsatisfactory. Histopathologic analysis after 
video-assisted thoracoscopic surgery (VATS) revealed 
atypical adenomatous hyperplasia. 
C and D, 57-year-old man. Baseline scan (C) shows 
ground-glass opacity measuring 14 mm. Low-dose 
follow-up CT scan 1 year and 6 months later (D) shows 
interval increase in size up to 21 mm. Subsequent FNAB 
was inconclusive. VATS resection revealed malignant 
cells (bronchoalveolar carcinoma).
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The histologic diagnoses of the benign nod-
ules were three AAHs, seven necrotizing gran-
ulomata (six mycobacterial and one Blasto-
mycosis), one chronic inflammation, one 
organized phase acute lung injury, and three 
organized remote pulmonary infarcts. Three 
nodules are without final pathologic diagnosis 
but have shown no interval growth for at least 3 
years after detection at MDCT, and two cases 
had resolving nodules. The histologic diagno-
ses of the confirmed malignancies include 68 
adenocarcinomas, nine bronchioalveolar car-
cinomas, 14 squamous cell carcinomas, seven 
small cell carcinomas, three large cell carcino-
mas, and three carcinoids. Of 124 CT-detect-
ed nodules that were suggestive of lung cancer, 
104 biopsy recommendations (81.3%) were 
true-positive for malignancy and 20 were false-
positive recommendations (15.6%).

Shape of Malignant and Benign Nodules
Nodule characteristics of malignant and be-

nign nodules are summarized in Tables 2 and 
3. In both groups, a solid shape was most com-
mon. Of note, all spiculated nodules were ma-
lignant. The proportions of new nodules were 
about the same in both groups (11.5% [12/104] 
of malignant nodules and 15.0% [3/20] of be-
nign nodules). All three new benign nodules 

TABLE 1:	Summary of Evaluated CT Criteria for Pulmonary Nodules Recommended for Biopsy, at Different Time 
Points After Baseline Scans

Diagnostic Criteria, CT Feature No. of Subjects (n = 128) First Yeara (n = 79 [61.7%]) Second Yearb (n = 22 [17.2%]) More Than 2 Yearsc (n = 27 [21.1%])

Shape

Solid smooth or lobulated 50/11 (1) 24/6 11/4 (1) 15/1

Solid spiculated 17/0 16/0 1/0 —

Solid cavitary 5/2 4/2 — 1/0

Part-solid 23/4 15/3 2/0 6/1

Nonsolid 9/3 (3) 7/1 (1) 1/0 (2) 1/2

Growth

Stable 52/9 (1) 24/6 plus baseline 28/3 (1) — —

Growth 43/8 (3) 14/3 11/2 (3) 15/3

New 12/3 — 4/2 8/1

Size (mm)

≤ 10 7/4 0/1 3/2 4/1

11–15 40/6 (1) 28/5 6/0 (1) 6/1

16–20 26/8 (2) 20/5 (1) 1/1 (1) 5/2

21–30 18/2 (1) 8/1 4/1 (1) 6/0

> 30 13/0 10/0 1/0 2/0

Total 104/20 (4) 66/12 (1) 15/4 (3) 23/4

Note—Data are no. of malignant nodules/no. of benign nodules (no. of pending cases). Dash (—) indicates not applicable.
aCT performed at baseline and at 3, 6, and 9 months.
bCT performed at 12, 15, 18 and 21 months.
cCT performed at ≥ 24 months.

were solid and smooth or lobulated in shape, 
measuring 11–16 mm. The largest proportion 
of benign nodules were 10–20 mm in size. All 
masses 30 mm or larger were malignant.

Procedure Complications
Of 108 transthoracic FNABs, 94 participants 

(87%) were sent home on the same day with-
out serious complications. In 47 cases (44%), 
a small self-limited pneumothorax occurred. 
In 14 cases (13%), a postprocedural moder-
ate-to-large pneumothorax occurred, with 
subsequent tube insertion and overnight hos-
pital stay in 12 cases; two participants (both 
more than 70 years old) were observed in con-
sensus with thoracic surgery for 24 hours and 
discharged the next day, but no tubes were in-
serted. One of 14 participants with chest tube 
insertion had a biopsy done for a benign nod-
ule. Of the seven bronchoscopies performed, 
no complications were documented, and par-
ticipants were sent home the same day. All 22 
participants who underwent diagnostic VATS 
procedures, including four wedge resections 
in benign cases, were sent home on the third 
postoperative day without complications noted 
in the record. There was no obvious difference 
in hospitalization rates between the patients 
with benign or malignant results.

Benign Pulmonary Lesions Recommended  
for Biopsy

Altogether, 20 invasive procedures were 
recommended for benign lesions; two of 
them were aborted and, as mentioned pre-
viously, one biopsy recommendation was 
rejected by the supervising surgeon. All 
characteristics of benign nodules are sum-
marized in Table 3. The majority of benign 
nodules were smooth or lobulated solid (n = 
11) (Figs. 5C and 5D), followed by part-solid 
(n = 4) (Fig. 3), and nonsolid (n = 3) (Figs. 
4A and 4B) shape. Two biopsy recommenda-
tions were made for cavitary nodules detect-
ed at baseline scan (Fig. 2). Five solid nod-
ules showed interval growth in a time frame 
of 1–15 months after baseline scan, and one 
of them showed a rapid increase from 8 to 20 
mm within 1 month.

Of all recommended diagnostic interven-
tions, 16 of 128 FNABs (13%) and four subse-
quent VATS for inconclusive FNAB results, as 
well as one primary VATS resection for a small 
but growing part-solid nodule (Fig. 3), were 
performed for benign nodules (overall rate, 
22.7% [5/22]; rate for VATS, 4% [5/128]). The 
overall false-positive recommendation rates for 
biopsy were 0.42% for primary and secondary 
diagnostic biopsies (20/4782) and 0.44% for re-
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sections (21/4782). Overall, 0.33% of FNABs 
(16/4782) and 0.10% of VATS (5/4782) proce-
dures were performed for benign nodules.

Discussion
Our results show that a stringent diagnos-

tic algorithm for follow-up of pulmonary 
nodules, such as that established by the 
I-ELCAP, results in a low rate of invasive 
procedures for benign nodules. Only 20 of 
4782 of our participants (0.42%) had invasive 
procedures performed for benign nodules.

The implication of screen-detected lung 
nodules, and the “false-positive” diagnoses 
in particular, represent a heavily discussed 
issue in the context of the recent lung can-
cer screening literature. It is well known that 
low-dose CT screening detects a high rate of 
lung nodules [1] and also that almost all of 
the screen-detected nodules are benign [13, 
14]. However, all screen-detected lung nod-
ules require follow-up or management, to 
highlight the few small early-stage lung can-
cers within the abundant number of benign 

nodules. Recently, concern has been raised 
that the often invasive follow-up of the false-
positive lung cancer screening studies results 
in a high number of unnecessary invasive di-
agnostic procedures and thoracotomies and, 
as such, causes harm to the mostly healthy 
individuals participating in lung cancer 
screening studies [10]. The cumulative prob-
abilities of false-positive results on low-dose 
CT have been reported to be as high as 21% 
after baseline screening and as high as 33% 
after two screenings [12]. The intervention 
rates for benign nodules have been reported 
between 20% [15] and 43% [16]. These data 
are difficult to compare because the defini-
tion of a “positive” screening CT scan varies 
considerably among the different lung can-
cer screening studies, ranging from nodules 
of all sizes [1] to the presence of noncalcified 
nodules larger than 3 mm [17], 4 mm [15], 5 
mm [3, 6], or 8 mm [18].

Our data show that a simple but well-defined 
algorithm to follow up screen-detected nodules 
results in a very low rate of interventional di-
agnostic procedures for benign lesions. Adher-
ence to a similarly stringent algorithm has been 
successfully implemented in other screening 
studies, such as the NELSON trial, in which the 
false-positive rate was only 7.9% [19].

The diagnostic algorithm used in this study 
is based on a combined assessment of nodule 

A

Fig. 5—Two patients with new solid pulmonary 
nodules with different nature. 
A and B, 58-year old woman. Baseline scan (A) 
was unremarkable. Annual scan (B) shows interval 
development of 13-mm lobulated solid nodule. 
Fine-needle-aspiration biopsy (FNAB) was positive 
for malignancy. Non-small cell lung cancer was 
confirmed by surgery. 
C and D, 63-year-old woman. Baseline scan (C) was 
normal. On annual scan (D), interval development is 
seen in 11-mm well-defined solid nodule and adjacent 
tiny dots. On FNAB, necrotizing granulomatous 
inflammation was seen.

C D

B

TABLE 2:	Summary of Shape and Size of All Histologically Confirmed Malignant Pulmonary Nodules Recommended 
for Biopsy

Nodule 
Consistency

No. of Malignant Nodules/Total No. of 
Nodules Recommended for Biopsy (%)

Nodule Growth Assessment Nodule Size (mm)

Stablea Growth New ≤ 10 11–15 16–20 21–30 > 30

Solid 50/62 (80.6) 12 27 11 7 18 10 11 4

Spiculated 17/17 (100) 15 2 — — 7 5 2 3

Cavitary 5/7 (71.4) 3 1 1 — 1 1 1 2

Part-solid 23/27 (85.2) 14 9 — — 8 8 3 4

Nonsolid 9/15 (60.0) 5 4 — — 4 4 1 —

Total 104/128 (81.3) 49 43 12 7 38 28 18 13

Note—Except where noted otherwise, data are no. of nodules. Four pending cases are not included. Dash (—) indicates not applicable.
aIncludes nodules from baseline scans.
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shape, size, and growth. Shape as such is a 
rather unreliable feature for lung nodule as-
sessment. Only calcifications [20] and peri-
fissural nodules [21] are strongly associated 
with benign nodules. Other morphologic CT 
features have been evaluated for nodule char-
acterization with limited success [11, 22–25]. 
In our cohort, spiculated and lobulated solid 
nodules were mostly malignant; spiculations 
were seen only in malignant nodules. We did 
not find any other morphologic features that 
would have allowed us to predict the benign 
nature of the 20 nodules; their attenuation 
ranged from nonsolid to solid with smooth or 
lobulated margins. Our numbers are too small 
for a generalized statement, but we observed 
the tendency that cavitations were more com-
monly found in benign nodules. Larger series 
in the future will have to address whether the 
presence of cavitations indeed helps charac-
terize a benign nodule.

The importance of follow-up imaging and 
growth rate computation has been stressed 
before [26–28] and has been very helpful in 
most of the screen-detected nodules in our 
experience as well. Growth rate assessment 
in the 20 benign nodules, however, showed 
a wide range, and in most cases was not able 
to predict their benign nature with the excep-
tion of a very slow growing lesion that turned 
out to be AAH and a fast growing lesion that 
was an acute inflammatory process.

18F-FDG PET imaging was not routinely 
available at our institution for further non-
invasive characterization of a lung nodule. 
FDG PET is a recognized tool for nonin-
vasive characterization of indeterminate 
pulmonary nodules. A recent metaanalysis 
showed that FDG PET has a high sensitiv-
ity (> 95%) and specificity (77.8%) for ma-
lignant pulmonary nodules, although few 
data are currently available for subcentime-
ter nodules [29]. CT perfusion [30] studies 
would be additional noninvasive modalities 

for further characterization of pulmonary 
nodules, which in the future might be used to 
reduce the number of false-positive recom-
mendations for invasive procedures in a lung 
cancer screening environment.

The currently accepted notion is to confirm 
the malignant nature of a lung nodule with an 
invasive procedure before planning patient 
management (i.e., referring the patient to a 
thoracic surgeon). The exact kind of invasive 
procedure varies depending on the experience 
of a particular institution. CT-guided percuta-
neous FNAB is widely accepted as an accu-
rate and safe procedure for characterizing pul-
monary nodules [31]. In our institution, FNAB 
of pulmonary nodules is common practice and 
has been valuable in the management of suspi-
cious pulmonary nodules detected at screening 
[5]; 87% of FNABs were safely performed on 
an outpatient basis. 

The high rate of inconclusive FNAB re-
sults in our series is likely explained by the 
small nodule size: nine of the inconclusive-
ly biopsied nodules were 10 mm or smaller 
in size. The complication rate in our cohort 
is similar to that in another FNAB series in 
subcentimeter nodules [32]. The VATS pro-
cedure has the advantage of a higher chance 
of definite diagnosis, both for malignant and 
benign diseases [33]. Although it has been 
shown that thoracoscopic surgery has a lower 
incidence of complication compare with tho-
racotomy [34], bleeding, prolonged lengths 
of hospital stay, and chest tube duration are 
considerable complications compared with 
FNAB. In our cohort, five VATS wedge re-
sections were performed for benign nodules, 
corresponding to a rate of 22.7% of all VATS 
resections. This number is slightly higher 
compared with reported benign VATS rates 
in screening trials [35].

As indicated by the current results, in an 
experienced environment, a stringent algo-
rithm of noninvasive follow-up procedures 

yields a high positive prediction of a malig-
nant nodule. The rate of intervention for be-
nign nodules was indeed very low and can 
be further reduced when taking cavitations 
and very slow or very fast growth rates into 
consideration. Consequently, it is currently 
discussed whether a purely diagnostic inva-
sive procedure is required at all. We spec-
ulate that with careful assessment of shape 
and size, in combination with imaging sur-
veillance and growth assessment as well as 
functional imaging such as PET or perfu-
sion imaging, we would be able to predict 
the malignant nature sufficiently reliably to 
refer the individual for surgical treatment 
without a cytologic diagnosis.

In summary, this retrospective analysis 
of the biopsy recommendations from our lung 
cancer screening study confirms that the rate of 
false-positive recommendations for invasive 
interventions can be maintained at a very low 
rate when following a simple yet stringent al-
gorithm. Any algorithm based on nodule shape, 
size, and growth will help to limit the impact of 
screen-detected nodules, and it might be further 
improved with functional imaging.
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