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ABSTRACT

The British Thoracic Society guideline on the investigation and management of pulmonary nodules is
based on a comprehensive and systematic review of the literature on pulmonary nodules. Recent evidence
has suggested that significant changes to existing guidelines are necessary. The use of 2 malignancy
prediction calculators to better characterize the risk of malignancy was firmly supported by evidence,
as were the recommendations for a higher nodule size threshold for follow-up (>5 mm or >80 mm?) and
a reduction of the follow-up period to 1 year for solid pulmonary nodules. Although caution is required
where there is a history of cancer, both of these recommendations will reduce the number of follow-up
computed tomographies, thereby improving cost-effectiveness and pressure on imaging services. Recent
evidence has also confirmed the superiority of volumetry as the preferred measurement method and
clarified the management of nodules with extended volume-doubling times. Acknowledging the good
prognosis of subsolid nodules, there are recommendations for less aggressive options in their manage-
ment. The guidelines recommend ordinal scale reporting for positron emission tomography—computed
tomography to facilitate incorporation into risk models. There are recommendations on when biopsy is
most helpful, the threshold for treatment without histological confirmation, and surgical and nonsurgi-
cal treatment. The guideline also provides evidence-based recommendations about the information that
people need and that should be provided for them. The complexity of managing pulmonary nodules is
made more accessible by 4 management algorithms. In the real world, it is surprising how easy these
are to follow and how they seem to follow an intuitive approach.

Introduction  Originally, pulmonary nodules were
defined as well or poorly circumscribed approxi-
mately rounded structures of 3 cm or less in di-
ameter, surrounded by an aerated lung and with-
out associated abnormalities in the thorax. This
definition is now commonly extended to include
nodules in contact with the pleura. The now wide-
spread use of helical multi-detector computed to-
mography (CT) has made it commonplace to de-
tect, incidentally, solid noncalcified nodules of
less than 1 cm in diameter as well as subsolid nod-
ules (SSNs) that are partly or wholly ground-glass
opacities. Added to this is the potential intro-
duction of CT screening programs for lung can-
cer, where a quarter of images detect nodules ex-
ceeding 4 mm in diameter, which is the thresh-
old for further workup recommended in previous

guidelines. These smaller solid nodules and SSNs
have presented a greater clinical challenge than
their larger counterparts, although this may not
be the case if the British Thoracic Society (BTS)
evidence-based guideline recommendations are
followed. To avoid confused terminology in the lit-
erature, the BTS guideline proposed standardized
definitions and terms for SSNs (TABLE 1 and Sup-
plementary material online, Figure SI). It should
be noted that ambiguous terms such as “semi-
-solid nodule” and “ground-glass nodule” (omit-
ting the “pure” qualifier) should be avoided.
This review presents the BTS-recommended
approach for the management of adults over the
age of 18 years with pulmonary nodules from pre-
sentation to definitive treatment or discharge.!
The topics covered are: 1) the route of detection
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TABLE 1
material online, Figure ST)

Definition and terms relating to pulmonary nodules (see also Supplementary

Nodule definitions

pulmonary nodule (overall
definition)

Focal, rounded opacity <3 cm in diameter, mostly
surrounded by an aerated lung, including contact
with the pleura, but without potentially related
abnormalities in the thorax.

subsolid nodule

A part-solid or pure ground glass nodule.

part-solid nodule

A focal opacity that has both solid and ground glass
component <3 cm in diameter.

pure ground-glass nodule

(synonymous with
nonsolid nodule)

A focal ground glass opacity <3 cm in diameter that
does not obscure a vascular pattern.

definition of applicable terms

solid component

That part of a nodule that obscures the underlying
bronchovascular structure.

ground-glass component

Opacification that is greater than that of the
background but through which the underlying
vascular structure is visible.

of pulmonary nodules; 2) risk assessment for ma-
lignancy based on clinical and radiological factors;
3) surveillance of pulmonary nodules; 4) SSNs;
5) biopsy techniques, indications, interpretation,
and risks; 6) surgical and nonsurgical treatment;
7) information and support for patients and care-
givers; and 8) technical aspects of imaging pul-
monary nodules.

Route of detection of pulmonary nodules It is im-
portant to understand whether the manage-
ment of pulmonary nodules should be tailored
according to the route of presentation and clin-
ical context because this may impact on the risk
of malignancy. The routes of presentation can be
broadly divided into: 1) patients with respiratory
symptoms referred for chest X-ray or chest CT;
2) incidental finding on chest X-ray, chest CT, or
cross-sectional imaging for other purposes; 3) pa-
tients participating in lung cancer screening stud-
ies or programs; and 4) patients with known can-
cer undergoing staging investigations or follow-
-up imaging.

No studies have directly compared the features
of pulmonary nodules according to the route of
presentation. The prevalence of nodules in 32
larger case series was found to be greater in CT
screening studies (mean, 33%; range, 15%-53%)
compared with incidental findings (mean, 15%;
range, 2%-14%), but this may reflect the radio-
logical techniques employed and the size thresh-
old for reporting. The prevalence of malignancy
was similar (around 1.5%).

An important question is whether nodules de-
tected in the context of a previous history of ma-
lignancy are more likely to be cancer. There was
surprisingly little consensus here, with some stud-
ies suggesting there was no difference, while oth-
ers showing higher rates of malignancy.?® The re-
ported prevalence of malignancy in coexistent
nodules of less than 12 mm in diameter in pa-
tients selected to undergo curative surgery was
3% to 11%.5-8 Key recommendations arising from

the evidence review were: 1) to consider the pres-
ence of previous malignancy when assessing the
risk of malignancy, noting that some of the rec-
ommended risk calculators included previous ma-
lignancy; and 2) to evaluate coexistent lung nod-
ules detected in patients with known lung cancer
otherwise suitable for radical treatment in their
own right; these nodules should not be assumed
to be malignant.

Risk assessment for malignancy based on clinical and
radiological factors ~ Assessing the risk of malig-
nancy is regarded as essential to guide manage-
ment of patients with a pulmonary nodule, with
the lowest risk favoring the least invasive ap-
proach and vice versa. The BTS guideline identi-
fied risk factors consistently associated with ma-
lignancy and reviewed the evidence for the accu-
racy of composite risk models. The initial assess-
ment essentially determines which nodules have
a sufficiently low chance of malignancy to recom-
mend imaging follow-up and which should be as-
sessed further. Four clinical and five radiological
risk factors were consistently associated with ma-
lignancy in solid nodules, with the most domi-
nant factors being age, smoking, and nodule size.

Predictors of a benign etiology included the
presence of a diffuse, central, laminated, or
popcorn pattern of calcification (odds ratio,
0.07-0.20) and perifissural location. Thus, at the
outset of the assessment, these nodules can be
excluded from further investigation. Caution is
advised with perifissural nodules where there are
atypical features or for larger nodules (>10 mm),
especially in the presence of known non-lung pri-
mary cancer; a radiologist’s expert opinion is re-
quired here. Perifissural nodules correlate histo-
logically with intrapulmonary lymph nodes and
may enlarge despite being benign.® The BTS initial
assessment algorithm is shown in FiGurEe 1. The al-
gorithm shows that nodules with the aforemen-
tioned benign features can be discharged. The
guideline also recommends discharging nodules
of less than 5 mm in the maximum diameter and
less than 80 mm?3 in volume. This was supported
by CT screening studies.

The Dutch-Belgian CT screening trial, NEL-
SON,'® showed that subjects with nodules of less
than 5 mm in the maximum transverse diame-
ter or less than 100 mm?3 in volume had no great-
er risk of developing lung cancer after 2 years
than those without nodules, thus indicating that
the presence of a nodule confers little, if any, ad-
ditional risk (80 mm?3 was specified by the BTS
guideline owing to known variation in measure-
ments produced by different volumetry packag-
es). Undoubtedly, this recommendation will lead
to some people with malignant nodules being dis-
charged but this will be very infrequent (<0.5%),
and the risk of developing cancer will be main-
ly determined by background risk. The follow-up
of these low-risk nodules is unlikely to be cost-
-effective. Furthermore, the harm from contin-
ued radiation exposure, albeit through low-dose

REVIEW ARTICLE Management of pulmonary nodules according to the 2015 British Thoracic Society guidelines... 2



FIGURE 1  British
Thoracic Society’s
algorithm for initial
approach to solid
pulmonary nodules

a eg, hamartoma,
typical perifissural
nodule

b consider a lower
or no threshold

in patients with known
or active cancer

¢ consider positron
emission tomography—
—computed tomography
(PET-CT) for larger
nodules in young
patients with low risk
by the Brock score

as this score was
developed in a screening
cohort (50-75 years),
so performance

in younger patients has
not been proved
Abbreviations: CT,
computed tomography

solid noncalcified nodule(s) on CT

!

clear features of benign disease?, or nodule <5 mm diameter (or <80 mm?)

or patient unfit for any treatment

no

\4

discharge

v

yes

v

previous imaging?

assess risk of lung cancer according
to surveillance algorithm (FIGURE 2)

no

v

nodule <8 mm diameter or <300 mm? volume?

o

assess risk using the Brock model

|
! !

>10% risk of malignancy

!

<10% risk of malignancy®

PET-CT with risk assessment using the Herder model
(provided size is greater than local PET-CT threshold)

! |

l

<10% risk of malignancy 10%—70% risk of malignancy

>70% risk of malignancy

! !

!

consider image-guided
biopsy; other options are
excision biopsy or CT
surveillance guided

CT surveillance (FIGURE 2)

consider excision
or nonsurgical treatment
(= image-guided biopsy)

by individual risk and
patient preference

CT, as well as investigation of benign or indo-
lent disease, could offset any benefit. Caution is
required in patients with a previous history of
cancer or active cancer, where the probability of
cancer may be higher, and a lower or no thresh-
old for follow-up may be appropriate.

The NELSON study'? also showed that patients
with nodules of 100 to <300 mm?3 in volume had
a 2-year risk of lung cancer of 2.4%, and for those
with a volume of 300 mm? or higher, the risk
was 16.9%. The corresponding chance of lung
cancer for a nodule of 5 to <8 mm in diameter
was 1.0% and for a nodule of 8 mm or higher in
diameter— 9.7%. The algorithm reflects these
findings by showing that for nodules of less than
300 mm? in volume or less than 8 mm in diame-
ter, CT surveillance is recommended.

For nodules of 300 mm? or higher in volume
or 8 mm or higher in diameter, the BTS guide-
line recommends the use of 2 specific compos-
ite risk prediction models, the Brock University
model'" and the Herder model. The Brock model
showed the highest accuracy for predicting ma-
lignancy without positron emission tomogra-
phy-computed tomography (PET-CT) and was
the most accurate for smaller nodules, reflect-
ing the fact that it was developed in a screening
cohort. This has also been confirmed in a vali-
dation study in a United Kingdom (UK) popu-
lation.'? FicURE 1 shows that patients with nod-
ules that have a probability of malignancy of less
than 10%, join the CT surveillance group and
those with a higher risk go on to PET-CT, with
the findings used to reassess risk using the Herd-
er model,”® which has the highest accuracy in the
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UK population (area under the curve, 0.92).'* In
the Herder model, 8F-fluorodeoxyglucose (FDG)
uptake was classified as absent, faint, moderate,
or intense. The authors did not provide objective
measures or definitions but others have.'>'¢ The
latter 2 studies used a 5-point scale that the BTS
guideline group adapted to a 4-point scale to fa-
cilitate consistency in reporting and use with the
Herder model (Supplementary material online,
Table S1). Further management is then guided
by risk (<10% surveillance, 10% to 70% biopsy
favored and >70% excision or nonsurgical treat-
ment favored, see below).

The Brock model is the only multivariate model
that included an analysis of multiple pulmonary
nodules."" In this model, the presence of multiple
nodules had a small negative effect on the likeli-
hood of malignancy in any one nodule. However,
BTS-recommended management is governed by
the largest nodule, as this was the approach ad-
opted in the NELSON trial."”

The key recommendations (abbreviated) were:
1 Do not offer nodule follow-up or further
workup for people with perifissural or subpleu-
ral nodules (homogenous, smooth, solid nodules
with a lentiform or triangular shape either with-
in1 cm of a fissure or the pleural surface and <10
mm in diameter).

2 Consider follow-up of larger intrapulmo-
nary lymph nodes, especially in the presence of
a known extrapulmonary primary cancer.

3 Do not offer nodule follow-up for people with
nodules of less than 5 mm in diameter or less
than 80 mm? in volume.

4 Offer CT surveillance to people with nodules
of 5 mm or more to less than 8 mm in diameter or
80 mm?® or more to less than 300 mm? in volume.
5 Use the Brock model (full, with spiculation)
for initial risk assessment of pulmonary nod-
ules of 8 mm or higher in dimater or 300 mm?
or higher in volume.

6 Offer a PET-CT in patients with a pulmonary
nodule with an initial risk of malignancy of more
than 10% where the nodule size is greater than
the local PET-CT detection threshold.

7 Following reassessment of risk with the Herd-
er model: consider CT surveillance where the
chance of malignancy is less than 10%, image-
-guided biopsy where the risk is 10% and 70%
(other options are excision biopsy or CT sur-
veillance guided by individual risk and patient
preference), and surgical resection (or nonsur-
gical treatment for those who are not fit) as the
favored option where the risk is >70%.

Further research validating risk predic-
tion models for nodule malignancy in pa-
tients with known extrapulmonary cancer was
recommended.

Surveillance of solid pulmonary nodules  The over-
all aim of surveillance is to use assessment of
nodule growth to discriminate between benign
and malignant nodules. Pulmonary nodule size
has traditionally been assessed by measuring

the largest transverse cross-sectional diameter.
The volume-doubling time (VDT) of a nodule can
then be estimated from the difference in the nod-
ule diameter between baseline and follow-up CT
and the time interval between the 2 scans, using
a simple exponential growth model that assumes
uniform 3-dimensional tumor growth. Over the
last 15 years, a volumetric analysis (calculated ei-
ther manually or semiautomated/automated) has
been increasingly reported as an alternative and
better tool to assess nodule growth.'8?! In addi-
tion to growth in the size of a nodule, changes in
other parameters have been evaluated. De Hoop
et al?? found that mass measurements showed
the least intraobserver and interobserver varia-
tion. Xu et al?® showed that malignant nodules
increased in density during CT follow-up com-
pared with benign nodules, although there was
significant overlap in density changes between
benign and malignant nodules.

Scan interval and growth rate A number of stud-
ies have evaluated the scan interval in relation to
reliable detection of growth. If automated vol-
umetry is employed, a 3-month interval CT can
reliably detect growth, defined as an increase in
volume greater than 25%.202426 However, the
accuracy of growth detection diminishes with
nodule size so that if diameter measurements
are used, the interval for 5- to 6-mm nodules
has to be extended to 12 months. The latter may
not be an issue except for faster-growing nod-
ules (generally small cell lung cancer and some
cases of squamous cell carcinoma).?’-?® A fur-
ther advantage of a 3-month CT is that the ma-
jority of pulmonary nodules that eventually re-
solve do so after a 3-month interval.?® The NEL-
SON trial'® showed that stability at 1 year reli-
ably predicts benign disease, but there are no
studies that can confirm this for diameter mea-
surements (in the trial even these were semiau-
tomated). Stability over 2 years of follow-up has
traditionally been regarded as indicative of be-
nign disease, having first been proposed on the
basis of chest X-ray follow-up of nodules in the
1950s,% although the evidence underlying this
assumption has been questioned.’'

FIGURE 2 shows the BTS surveillance algorithm.
Reflecting the above evidence, it shows that for
nodules of 5 to 6 mm in diameter, a 3-month CT
is only indicated if volumetry is performed, and
that stability can only be confirmed at 12 months
by volumetry. Larger nodules are followed up at
3 months and 12 months with volumetry with a
further CT at 24 months if only diameter mea-
surements are available.

The NELSON study'® also showed that pa-
tients with nodules with a VDT of less than 400
days and 400 to 600 days measured after a 3- or
12-month interval, had 2-year cancer probabili-
ties of 9.7% and 4.1%, respectively, significantly
greater than the cancer risk of subjects without
nodules (0.4%) and the screened population as
a whole (1.3%)."% The 2-year risk of lung cancer
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baseline volumetric analysis (or diameter measurement
if volumetry not available/technically possible)

!

!

5-6-mm diameter

>80-mm? volume or >6 mm diameter

!

CT 3 months after baseline

v

I

no yes
CT 1 year after baseline [¢— VDT <400 days or clear evidence of growth?
stable on the basis stable on VDT >600 days VDT 400-600 days VDT <400 days
of 2-dimensional non- the basis or clear evidence
automated diameter value of volumetry of growth
v v
CT 2 years after baseline discharge ) . . .
consider discharge consider biopsy v
l (only if based or further
on volumetry) or on- CT surveillance further workup
going CT surveillance depending and consideration | ¢—
VDT assessment and management as per VDT depending on patient on patient of definitive
categories at 1 year; discharge if stable preference preference management

FIGURE 2 British
Thoracic Society’s
algorithm for solid
pulmonary nodule
surveillance
Abbreviations: VDT,
volume-doubling time;
others, see FIGURE 1

was 0.8% when the VDT was longer than 600
days, not achieving significance compared with
subjects without nodules (P = 0.06). This is re-
flected in FIGURE 2, where nodules that have a VDT
of more than 400 days are referred for workup,
nodules with a VDT of 400 to 600 days are ei-
ther biopsied or followed further, and those with
a VDT of longer than 600 days can be discharged
or followed further, depending on the patient’s
preference and considering their indolent nature.

There is little evidence regarding the man-
agement of new nodules that appear in follow-
up CTs, although evidence published since the
BTS guideline in an abstract form suggests that
new nodules detected in a screening study (NEL-
SON'%) have an approximate 4% risk of malignan-
cy and hence should be followed closely. Here,
the risk of malignancy will depend on the growth
rate, and it should be noted that rapid growth
may imply an inflammatory process rather than
malignancy.

Thus, the BTS recommendations on surveil-
lance of solid nodules differ from those of pre-
vious guidelines by recommending volumetry as
the preferred method of measurement, reducing
the number of follow-up CTs needed and strati-
fying management on the basis of VDT.

The key recommendations were:

1 Where initial risk stratification assigns a nod-
ule a chance of malignancy of less than 10%, as-
sess growth rate using interval CT with capabil-
ity for automated volumetric analysis.

2 Assess growth for nodules of 80 mm? or high-
er in volume or 6 mm or more in the maximum
diameter by calculating VDT on the basis of re-
peat CT at 3 months and 1 year.

3 Usea25% or higher change in volume to de-
fine significant growth.

4 Offer further diagnostic workup (biopsy, im-
aging, or resection) for patients with nodules
showing clear growth or a VDT of less than 400
days (assessed after 3 months and 1 year).

5 Discharge patients with solid nodules that
show stability (less than 25% change in volume)
on CT after 1 year.

6 If 2-dimensional diameter measurements are
used to assess growth, follow up with CT for a
total of 2 years.

7 Consider ongoing annual surveillance or bi-
opsy for people with nodules that have a VDT
of 400 to 600 days, according to the patient’s
preference.

8 Where nodules are detected in the context
of an extrapulmonary primary cancer, consid-
er the growth rate in the context of the primary
and any treatment thereof.
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subsolid nodule(s) on CT

!

nodule <5 mm, patient unfit for any treatment or stable over 4 years?

an

yes

v

previous imaging

assess interval change; if stable over less than 4 years,

assess risk of malignancy as below

an

repeat thin-section CT at

FIGURE 3  British
Thoracic Society’s
algorithm for a subsolid
pulmonary nodule

a change in mass /
new solid component

b the Brock model may
underestimate risk

of malignancy in a
subsolid nodule that
persist at 3 months

¢ size of the solid
component in a part-
solid nodule, pleural
indentation, and bubble-
like appearance
Abbreviations: see
FIGURE 1

3 months
l v l \ 4
resolved stable growth/altered morphology?
assess risk of malignancy (Brock model®/morphology¢), patient fitness, and patient preference
low risk of malignancy higher risk of malignancy (approximately >10%) or
(approximately <10%) concerning morphology®: discuss options with patient
v v v l v l v
discharge thin-section CT at 1, 2, image-guided biopsy favor resection/nonsurgical treatment
and 4 years from baseline

Management of subsolid nodules SSNs require a
different management approach than solid nod-
ules because they often represent more indolent
disease with a better prognosis. The pathologi-
cal correlates are atypical adenomatous hyper-
plasia (usually smaller pure ground-glass nod-
ule [pGGN]), adenocarcinoma in situ (often larg-
er pGGN), minimally invasive adenocarcinoma
(part-solid nodule [PSN] with a smaller solid
component), and invasive adenocarcinoma (larg-
er PSN).3%3% Thus, SSNs may represent prein-
vasive and invasive lesions, and there are im-
aging predictors of progression to invasive dis-
ease, especially the development of a solid com-
ponent (which is usually small in relation to the
ground-glass component).’® However, there is
some debate about how these lesions should be
managed because surgical series have report-
ed a 100% cure rate in nodules that are ground
glass in more than 50%.36-3 The prevalence of
SSNs is difficult to extract from most studies as
it is not directly reported, but falls in the range
of 2.2% to 3.8% of CTs for pGGN and 0.2%
to 1% for PSNs.'"343940 Most series employed

thin-section CT, necessary to accurately charac-
terize the nodules.

The best evidence for the proportion of SSNs
detected that are malignant comes from the Ca-
nadian screening trials: in the PanCan dataset,"
1.9% (21 0f 1105) of pGGNs and 6.6% (20 of 303)
of PSNs were malignant, and in the British Co-
lumbia Cancer Agency, the numbers were lower
but the rates were 1.3% (6 of 467) and 22.2% (10
of 45), respectively. Baseline factors consistently
associated with malignancy in SSNs are older age,
previous history of lung cancer, size of the nod-
ule, and part-solid nature.'"22:33.34.41-51 The Brock
university prediction model also included SSNs
and found that although pGGNs are more often
malignant than solid nodules, they conferred a
lower chance of being malignant when adjusted
for other factors in the risk prediction model.
However, PSNs were independent predictors of
malignancy. Morphological features predictive
of malignancy other than initial size were pleu-
ral retraction or indentation and a bubble-like
appearance in a pGGN. Studies have also shown
that around 25% of SSNs resolve after 3 months.
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FIGURE 3 shows the subsolid nodule algorithm
of the BTS. After an initial 3-month interval
thin-section CT to check whether the SSN is per-
sistent, the Brock model is used to classify nod-
ules into those with a risk of malignancy above
or below 10%. It can be seen that imaging fol-
low-up is for a total of 4 years which reflects the
slow and intermittent growing nature of these
nodules, with VDTs exceeding 1000 days.** 4548
For nodules with a higher chance of malignan-
cy, aless aggressive approach than for solid nod-
ules is recommended. This is because studies have
confirmed the excellent prognosis of these le-
sions whether first observed or resected imme-
diately.***% Indeed, a small study showed an ex-
cellent prognosis without surgery even when cy-
tology was suspicious of malignancy.®? However,
the BTS algorithm does favor resection for larger
nodules, for pGGN that enlarge more than 2 mm
and those with a new or enlarging solid compo-
nent. This is also supported by the observation
that the size of the solid component is an inde-
pendent predictor of lymph node metastases,* al-
though in 1large study,*® no pGGN or PSN with a
solid component of 10 mm or less had nodal me-
tastases. PET-CT is not recommended for the rou-
tine characterization of SSNs although the sen-
sitivity, specificity, and accuracy of FDG PET-CT
is higher for PSN.54

The key recommendations were:

1 Reassess all SSNs with a repeat thin-section
CT at 3 months.

2 Use the Brock risk prediction tool to calcu-
late risk of malignancy in SSNs of 5 mm or high-
er in diameter that are unchanged at 3 months.

3 Consider using other factors to further re-
fine the estimate of risk of malignancy including
smoking status, peripheral eosinophilia, history
of lung cancer, size of solid component, bubble-
-like appearance, and pleural indentation.

4 Consider resection / nonsurgical treatment
or observation for pGGN that enlarge 2 mm or
more in the maximum diameter; if observed, re-
peat CT after a maximum of 6 months. Take into
account the patient’s choice, age, comorbidities,
and risk of surgery.

5 Favor resection / nonsurgical treatment over
observation for PSN that show enlargement of
the solid component or for pGGN that develop a
solid component. Take into account the patient’s
choice, age, comorbidities, and risk of surgery.

Biopsy techniques, indications, interpretation, and risks
Nonsurgical biopsy Nonsurgical biopsy or further
nonimaging tests are used where there is suffi-
cient uncertainty about the diagnosis to allow de-
finitive management. The choice of test may de-
pend on the preferences of the patient; therefore,
it is especially important to ensure that the bal-
ance of accuracy and safety has been explained
and that this is acceptable to the patient. The BTS
guideline group evaluated a variety of biomark-
ers and techniques. Some biomarkers showed in-
teresting early results but further studies were

recommended to validate their performance.?%%
Standard bronchoscopy has a very low yield but
this can be increased with the image-guidance
techniques described (fluoroscopy, radial endo-
bronchial ultrasound [EBUS], and electromagnet-
ic navigation bronchoscopy [ENB],? especially in
the presence of a CT bronchus sign). The report-
ed yields were 65% to 84%°¢5' for ENB and 46%
to 77% for radial EBUS®264; lower for lesions of
less than 2 cm in diameter in the peripheral third
of the lung. This is considerably less than those
for CT-guided percutaneous transthoracic biop-
sy (pooled 91%), although the latter has a much
higher pneumothorax rate (6.6% requiring chest
drain in the largest series).?>% The latter may
be important for some patients, although ENB
and, to a lesser extent, radial EBUS may be very
time-consuming and are not as widely available
as percutaneous biopsy.

CT-guided biopsy was thus identified as the
preferred minimally invasive biopsy technique
with an average negative likelihood ratio of 0.1.
Figure S2 in Supplementary material online shows
how the pretest probability of malignancy pri-
or to percutaneous biopsy is altered by a nega-
tive biopsy result. This influenced the range of
pretest probability of malignancy that appears
in the initial assessment algorithm by showing
that a biopsy has most influence in the interme-
diate probability range. There was also evidence
that repeat biopsies usually achieved a diagnosis
when the first was indeterminate.5®

Variables associated with better CT-guided bi-
opsy performance were nodule size,*® nodule mor-
phology,’® needle path length, use of C-arm cone
beam system,’! multiplanar reconstruction,’? and
immediate cytological assessment.”3

The BTS guideline provides greater clarity
about the utility of biopsy in indeterminate le-
sions and specifically recommends repeating the
procedure when the first is indeterminate.

Surgical excision biopsy  Excision biopsy of pulmo-
nary nodules is performed in 2 situations: first,
where clinical suspicion of malignancy remains
high despite a benign or indeterminate preoper-
ative biopsy, and second, where a nodule is con-
sidered of sufficiently high risk for malignancy
to merit the option of excision without an at-
tempt at preoperative biopsy. All of the BTS nod-
ule management algorithms show a place for ex-
cision biopsy. This was based on case series that
showed this could be done safely and efficient-
ly’*7° with some suggestion that waiting times
were reduced. The relative performance of tho-
racoscopic excision wedge biopsy and CT-guid-
ed percutaneous lung biopsy were compared in
a case series by Mitruka et al.’® Of 312 patients
undergoing CT-guided biopsy, 64% (n = 205) had
a malignant diagnosis, 6% (n = 19) had a specif-
ic benign diagnosis, and 29% (n = 91) had a non-
specific benign diagnosis. Of the latter group, 47
went on to the excision biopsy group, of which
32 (68%) were malignant. Percutaneous biopsy
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had an accuracy of 86% for malignant disease and
71% for benign disease, whereas specific diagno-
ses were achieved for 97% of patients undergo-
ing excision biopsy.

The benign resection rate is critically depen-
dent on the prevalence of malignancy in the pop-
ulation and the quality of preoperative assess-
ment of the probability of malignancy. Benign
resection rates in case series of indeterminate
pulmonary nodules undergoing surgical excision
vary widely from 12%7 to 86%.7® Surgical series
may not reflect the contemporary world of pul-
monary nodules but the recently published UK
lung cancer screening study, which adopted a sim-
ilar protocol to that of the BTS guideline, showed
a benign resection rate of only 10%.”° No stud-
ies have specifically addressed the issue of what
constitutes an optimal or acceptable benign re-
section rate. Factors that influence the threshold
for surgical resection include the risk of morbid-
ity and mortality for excision (particularly if the
nodule turns out to be benign) compared to the
possibility of stage progression during a period
of radiological surveillance. Inpatient mortality
for wedge resection / segmentectomy was report-
ed to be 0.4% by the UK and Ireland Society of
Cardio-Thoracic Surgeons (2010; personal com-
munication). The English National Lung Cancer
Audit reported a 30-day mortality of 2.1% and
a 90-day mortality of 4.2% (35 deaths and 70
deaths, respectively) from 1671 patients under-
going wedge resection or segmentectomy.?’ No
accurate estimate of the risk of stage progression
during surveillance is available, although the re-
cently published International Association for
the Study of Lung Cancer did show survival dif-
ferences between tumors of less than 1 cm and
1to 2 cm in diameter.?'

The key recommendations were:

1 Offer percutaneous lung biopsy where the re-
sult will alter the management plan.

2 Consider the use of other imaging techniques
such as C-arm cone beam CT and multiplanar
reconstruction to improve diagnostic accuracy.
3 Interpret negative lung biopsies in the context
of the pretest probability of malignancy.

4 Consider repeating percutaneous lung biop-
sies where the probability of malignancy is high.

Surgical and nonsurgical treatment Optimal surgi-
cal treatment Once a decision is made to pro-
ceed with surgical excision of a pulmonary nod-
ule, 2 subsequent issues to consider are the sur-
gical approach (video-assisted thoracic surgery
[VATS]/ thoracotomy) and the extent of the ini-
tial lung resection (wedge resection/segmentec-
tomy/lobectomy). The extent of lung resection
will also depend on the location of the nodule
and the need for lung sparing, but there is also
the question of whether sublobar or lobar resec-
tion is best. The only prospective randomized con-
trolled trial of lobectomy versus sublobar resec-
tion for early stage lung cancer showed more lo-
co-regional recurrence in the sublobar group, the

latter grouped segmentectomy with wedge resec-
tion.8?.%3 There is some nonrandomized low-qual-
ity evidence to suggest that segmentectomy is
superior to wedge resection in terms of loco-re-
gional recurrence and cancer-related deaths.??:848

Whether segmentectomy is equivalent or in-
ferior to lobectomy is a subject open to debate.
In a meta-analysis of 22 studies comparing lo-
bectomy or segmentectomy for stage I lung can-
cer, segmentectomy was associated with signif-
icantly worse survival for stage I tumors (haz-
ard ratio [HR], 1.2; 95% confidence interval [CI],
1.04-1.38) and stage IA tumors (HR, 1.24; 95%
CI,1.08-1.42).86 However, no difference in surviv-
al was seen between these surgical techniques for
tumors of 2 cm or smaller in diameter (HR, 1.05;
95% CI, 0.89-1.24). The evidence comparing a lo-
bar versus sublobar resection in SSNs was limited
to case series but the excellent survival rate and
low rates of recurrence from sublobar resections
in these series suggest that there may be little to
be gained by extending to a lobectomy. Unfortu-
nately, there was inconsistency in the inclusion
criteria reported relating to the cut-off for in-
clusion of PSNs (eg, >50% ground glass compo-
nent versus consolidation / tumor ratio of <0.25).
Therefore, the recommendation for sublobar re-
section can only be confidently made for pGGNs.

Localization techniques for pulmonary nodules If
limited resection is planned, nodules that are
either of small size, located deep to the viscer-
al pleura, or of ground-glass morphology may
be difficult to locate at thoracoscopic surgery. A
number of preoperative marking techniques have
been developed to facilitate localization of these
nodules including CT-guided hookwire?’/ nee-
dle®® / microcoil®® insertion, lipiodal injection®
(lipid-soluble contrast medium with subsequent
intraoperative fluoroscopy), methylene blue injec-
tion®' (to identify the overlying visceral pleura to
guide resection) or radiotracer injection®? (using
technetium-99m macroaggregated albumin with
subsequent use of intraoperative gamma probe).
FIGURE 4 shows the BTS treatment algorithm
that reflects the key recommendations for opti-
mal surgery for pulmonary nodules listed below:
1 Surgical resection of pulmonary nodules
should preferentially be by VATS rather than an
open approach.
2 Offer lobectomy as definitive management
of a pulmonary nodule confirmed as lung can-
cer preoperatively or following wedge resection
and intraoperative frozen section analysis at the
same anesthetic.
3 Consider anatomical segmentectomy where
preservation of functioning lung tissue may re-
duce the operative risk and improve physiolog-
ical outcome.
4 Consider a diagnostic anatomical segmen-
tectomy for nodules less than 2 cm in diameter
without nodal disease when there has been no
pathological confirmation and frozen section is
not possible.
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excision or nonsurgical treatment considered

!

PET-CT scan for staging (if not already performed)

!

FIGURE 4  British
Thoracic Society’s
algorithm for pulmonary
nodule treatment
Abbreviations: RFA,
radiofrequency ablation;
SABR, stereotactic body
radiotherapy

yes no
fit for surgery? l
choose | between image-guided lung biopsy no
possible and safe
\ 4 \ 4 l yBS
wedge resection image-guided lung biopsy image-guided lung biopsy
with on-table
frozen section l l
malignancy confirmed? malignancy confirmed?
yes no no | yes
\ 4 v l l l l l v
proceed anatomical or lobectomy consider repeat biopsy SABR, RFA
to completion segmentectomy or proceeding to excision/non- or conven-
lobectomy during if unfit for surgical treatment if concern tional radical
same anesthetic lobectomy about false-negative biopsy radiotherapy

5 Uselocalization techniques depending on lo-
cal availability and expertise to facilitate limited
resection of pulmonary nodules.

Nonsurgical treatment without pathological confir-
mation FIGURE 4 shows the approach to patients
with pulmonary nodules who are judged to be
unfit for surgical treatment. This also includes
those patients who choose nonsurgical treat-
ment. Where possible, histological confirmation
should be attempted but where this is not safe,
treatment may proceed without, provided the
risk of malignancy is higher than 70%.

Four retrospective cohort studies compared
outcomes in patients treated with stereotactic
body radiotherapy (SABR) with clinically diag-
nosed lung cancer versus patients with patho-
logically proven non-small cell lung cancer.®**
They found similar survival rates although only
3 studies were explicit about potential confound-
ing variables.

The BTS guideline reviewed evidence for sev-
eral nonsurgical treatments. The majority of ev-
idence found was for SABR and radiofrequen-
cy ablation (RFA), although the variability in
case definition, pathological confirmation, pro-
portion of primary and secondary cancer, selec-
tion criteria, and concomitant treatment made
comparison inappropriate. One study used
propensity score matching in a comparison of
SABR and VATS for stage I-II lung cancer and
showed similar 3-year outcomes.*® Nonsurgical

treatments show marked variation in the fre-
quency of harms, something that is likely to be
strongly influenced by case selection and tech-
nique employed.

FIGURE 4 reflects the key recommendations
about nonsurgical treatment as follows:
1 Consider people that are unfit for surgery
who have pulmonary nodule(s) with high prob-
ability of malignancy, where biopsy is nondiag-
nostic or not possible, for treatment with SABR
or RFA if technically suitable.
2 Consider people that are unfit for surgery
who have pulmonary nodule(s) with high prob-
ability of malignancy, where biopsy is nondiag-
nostic or not possible, for treatment with con-
ventional radical radiotherapy if not suitable for
SABR or RFA.

Information and support  Patients who have pul-
monary nodules detected by whatever meth-
od may be concerned or anxious about the im-
plications for their health. A clear understand-
ing is essential for patients and their caregivers
to make informed choices about the options for
management. They may need professional sup-
port when interpreting information, provided,
for example, by a lung cancer specialist nurse.
The BTS evidence review found 3 papers of
sufficient quality on psychological consequenc-
es of the finding of pulmonary nodules.®’*® The
key findings were that: the finding of a pulmo-
nary nodule has an adverse impact on the quality
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of life; patients commonly assume that the find-
ing of a nodule means that they have cancer; pa-
tients may be frustrated if health care providers
fail to address concerns about cancer or poten-
tial adverse effects of surveillance; and effective
communication by the health care team can re-
duce the impact on the quality of life after diag-
nosis of a pulmonary nodule.

The key recommendations were:
1 Offer accurate and understandable informa-
tion to patients and caregivers about the prob-
ability of malignancy of the pulmonary nodule.
2 Ensure patients have the opportunity to dis-
cuss concerns about lung cancer and surveillance
regimes.
3 Offer patients the choice of seeing a lung can-
cer nurse specialist where the probability of malig-
nancy is high or when patients are anxious about
the possibility of having lung cancer.
4 Ensure that clear written and verbal informa-
tion is available on follow-up schedules and the
number of repeat CT scans required.
5 Explain the risks and benefits of investiga-
tions and treatment. Where appropriate, offer a
choice of management.

Technical aspects of the imaging of pulmonary nod-
ules  The BTS guideline reviewed evidence for the
method of detection, measurement and growth
estimation, and factor influencing accuracy. De-
tection is improved if the maximum section thick-
00102 and reconstruction algo-
rithms such as multiplanar reconstruction, max-
imum intensity projection, and volume render-
ing are used.'%*-'8 Technical factors that can in-
fluence measurement include section thickness,
reconstruction algorithm, lung volume, intrave-
nous contrast, and make of software. Patient-
-related factors include nodule shape, juxta pleural
or juxta vascular position, smaller nodule size, and
cardiac motion. Low-radiation-dose CT has been
shown to produce reliable measurements.'?%"?
The key recommendations were:
1 Where CT scans are performed that include
the chest where nodule detection is of poten-
tial importance, use a maximum section thick-
ness of 1.25 mm.
2 Use low-radiation-dose CT with a maximum
section thickness of 1.25 mm in follow-up im-
aging.
3 Use maximum intensity projection or vol-
ume rendering to improve nodule detection and
characterization.
4 When reporting on growth, take into account
factors that may reduce accuracy, such as nodule
shape and position and interval between scans.
5 Ensure a radiologist or radiographer checks
that the nodule has been accurately segmented.

ness is 1.25 mm'

Conclusions  The BTS guideline is primarily aimed
to guide clinical practice in the UK but will be
applicable in other countries, especially those
with similar populations. The significant chang-
es to recommendations should promote a more

cost-effective approach to the management of
pulmonary nodules while encouraging a safe and
consistent approach. Although much of the evi-
dence reviewed was recent (a third of the refer-
ences are from 2012 onwards), it is recognized
that ongoing trials may suggest updated guidance
is required. For this reason, it is recommended
that a record of people with nodules is kept in
case a longer-term follow-up is recommended.

Supplementary material online Supplementary
material online is available with the online ver-
sion of the article at www.pamw.pl.
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STRESZCZENIE

Wytyczne British Thoracic Society dotyczace badan oraz postepowania w przypadku wykrycia guzkéw
ptuc oparto na wynikach obszernego przegladu systematycznego pi$miennictwa na ten temat. Najnowsze
dane naukowe wskazaty na konieczno$¢ wprowadzenia istotnych zmian do istniejacych wytycznych.
Wyniki badan zdecydowanie popierajg stosowanie dwdch skal oceny ryzyka obecnos$ci nowotworu zto-
§liwego, a takze zalecenia dotyczace zwiekszenia rozmiaru guzkéw, ktdre nalezy obserwowac (>5 mm lub
>80 mm?®) oraz skrdcenie czasu monitorowania do roku w przypadku guzkéw catkowicie litych. Zawsze,
gdy mamy do czynienia z obecno$cig nowotworu zfo$liwego w wywiadzie konieczna jest ostrozno$¢,
niemniej jednak oba te zalecenia zmniejszg liczbe kontrolnych tomografii komputerowych, poprawiajac
skuteczno$¢ w stosunku do ponoszonych kosztéw oraz zmniejszajac obciazenie placéwek wykonujacych
te badania. Najnowsze dane naukowe potwierdzity réwniez wyzszo$¢ analizy wolumetrycznej jako pre-
ferowanej metody pomiaru i pozwolity na ustalenie postepowania u chorych z guzkami o wydtuzonym
czasie podwojenia objetos$ci. Zalecenia dotyczace chorych z guzkami cze$ciowo litymi obejmujg réwniez
wykorzystanie mniej agresywnych opcji postepowania, poniewaz ustalono, ze rokowanie u tych pacjentéw
jest dobre. W wytycznych zaleca sig podawanie wynikéw pozytonowej tomografii emisyjnej skojarzonej
z tomografig komputerowg za pomoca skali porzadkowej w celu utatwienia ich wykorzystania w mode-
lach ryzyka. Sformutowano zalecenia precyzujgce sytuacje, w ktérych biopsja jest najbardziej przydatna,
a takze kryteria kwalifikacji do leczenia chorych bez potwierdzenia histopatologicznego oraz leczenia
chirurgicznego i zachowawczego. Wytyczne zawierajg réwniez oparte na danych naukowych zalecenia
dotyczace informaciji, ktérych chorzy potrzebuja i ktére nalezy im przekaza¢. Opracowanie czterech al-
gorytméw utatwia zrozumienie ziozonego postepowania u chorych z guzkami ptuc. Stosowanie zalecen
wytycznych w codziennej praktyce jest zaskakujaco proste i zgodne z intuicyjnym podej$ciem lekarza.
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