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Purpose: To evaluate the added value of Lung CT Screening Report-
ing and Data System (Lung-RADS) assessment category 
4X over categories 3, 4A, and 4B for differentiating be-
tween benign and malignant subsolid nodules (SSNs).

Materials and 
Methods:

SSNs on all baseline computed tomographic (CT) scans 
from the National Lung Cancer Trial that would have been 
classified as Lung-RADS category 3 or higher were iden-
tified, resulting in 374 SSNs for analysis. An experienced 
screening radiologist volumetrically segmented all solid 
cores and located all malignant SSNs visible on baseline 
scans. Six experienced chest radiologists independently 
determined which nodules to upgrade to category 4X, a 
recently introduced category for lesions that demonstrate 
additional features or imaging findings that increase the
suspicion of malignancy. Malignancy rates of purely size-
based categories and category 4X were compared. Fur-
thermore, the false-positive rates of category 4X lesions 
were calculated and observer variability was assessed by 
using Fleiss k statistics.

Results: The observers upgraded 15%–24% of the SSNs to cate-
gory 4X. The malignancy rate for 4X nodules varied from 
46% to 57% per observer and was substantially higher 
than the malignancy rates of categories 3, 4A, and 4B 
SSNs without observer intervention (9%, 19%, and 23%, 
respectively). On average, the false-positive rate for cat-
egory 4X nodules was 7% for category 3 SSNs, 7% for 
category 4A SSNs, and 19% for category 4B SSNs. Of 
the falsely upgraded benign lesions, on average 27% were 
transient. The agreement among the observers was mod-
erate, with an average k value of 0.535 (95% confidence 
interval: 0.509, 0.561).

Conclusion: The inclusion of a 4X assessment category for lesions sus-
picious for malignancy in a nodule management tool is of 
added value and results in high malignancy rates in the 
hands of experienced radiologists. Proof of the transient 
character of category 4X lesions at short-term follow-up 
could avoid unnecessary invasive management.
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(14). The NLST was approved by the 
institutional board at each participat-
ing medical institution. All participants 
provided written informed consent be-
fore randomization.

The NLST database provided the 
following information for all screening-
positive nodules (ie, 4 mm diameter): 
section number and lobe in which the 
nodule was found, long and perpendic-
ular diameter of the nodule, and nod-
ule type. Lung cancer diagnoses were 
reported in participants with positive 
nodules during a median follow-up of 
6.5 years (maximum, 7.4 years), in-
cluding the time of diagnosis (13). How-
ever, the NLST provided no data about 
which nodule developed into lung can-
cer. Moreover, the size of solid cores 
in part-solid nodules was not available.

The first step in our study was to 
identify the SSNs on annotated scans 
from the NLST by matching lesions 
in the affected lobe with size, section 
number, and nodule type recorded dur-
ing screening. This was done by trained 
medical students and a medical re-
searcher using dedicated in-house soft-
ware (CIRRUS Lung Screening; Diag-
nostic Image Analysis Group, Nijmegen, 
the Netherlands) that included comput-
er-aided detection and semiautomatic 

According to Lung-RADS, upgrading a 
nodule to category 4X is possible only 
for category 3, 4A, or 4B nodules. This 
upgrade triggers a more intensive diag-
nostic work-up ranging from short-term 
clinical follow-up computed tomography 
(CT) to more advanced diagnostic pro-
cedures (eg, positron emission tomog-
raphy) or invasive procedures, includ-
ing biopsy and resection (1). Although 
morphologic criteria used to differen-
tiate between benign and malignant 
findings are reasonably well established 
for solid nodules, these criteria are still 
evolving for SSNs (8–12). A morpho-
logically triggered category 4X would 
therefore involve issues that are still 
unresolved for SSNs.

To our knowledge, the degree to 
which the addition of category 4X im-
proves the performance of Lung-RADS 
for predicting the probability of malig-
nancy of an SSN has not been demon-
strated. The purpose of our study was 
to evaluate the added value of Lung-
RADS category 4X over categories 3, 
4A, and 4B in the differentiation be-
tween benign and malignant SSNs.

Materials and Methods

Study Group and Nodule Annotations
We analyzed all CT scans of the chest 
from the National Lung Screening 
Trial (NLST) (13) in which at least 
one SSN was annotated by the NLST 
screening radiologist. The CT arm of 
the NLST consisted of 26 722 subjects, 
3194 of whom had at least one SSN in 
any screening round according to the 
NLST reading database. CT data were 
incomplete for nine subjects according 
to the NLST, leaving 3185 subjects for 
further analysis. A comprehensive de-
scription of study design and CT tech-
nique has been published previously 
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Advances in Knowledge

 n The addition of category 4X for 
suspicious subsolid nodules 
(SSNs) is of substantial value in 
the Lung CT Screening Reporting 
and Data System (Lung-RADS) 
and has high malignancy rates of 
46%–57% in the hands of expe-
rienced radiologists.

 n Of the falsely upgraded lesions, 
27% were transient; proof of the 
transient character of category 
4X lesions obtained with short-
term follow-up could avoid un-
necessary invasive management.

Implication for Patient Care

 n Lung-RADS category 4X aids in 
adapting nodule management to 
malignancy risk by suggesting 
more intensive diagnostic work-
up for lesions with a higher ma-
lignancy risk.

Current guidelines and recommen-
dations for the management of 
screening-detected pulmonary 

nodules mainly depend on nodule type–
specific diameter thresholds and the 
presence of growth (1–3). The nodule 
type helps differentiate between solid 
nodules and subsolid nodules (SSNs). 
The latter are further subdivided into 
nonsolid or part solid, depending on 
the presence of a solid component. Two 
recent publications reported a high var-
iability among radiologists in classifying 
nodules as subsolid, mainly because of 
disagreement on the presence or size 
of a solid component (4,5). This is of 
specific importance because SSNs po-
tentially manifest as early adenocarci-
nomas, with the size of the solid com-
ponent having an important correlation 
to the histologic characteristics of inva-
sive adenocarcinomas (6,7).

In 2014, the American College 
of Radiology published the Lung CT 
Screening Reporting and Data System 
(Lung-RADS), a categorical scoring 
system for screening-detected nod-
ules with various management steps 
adapted to the malignancy risk of the 
nodule. In addition to nodule type and 
diameter, growth over time plays an 
important role in classification. The 
risk of malignancy grows as the nod-
ule category increases from 1 to 4X. 
Lung-RADS introduced a category 4X 
for lesions that demonstrate “addi-
tional features or imaging findings that 
increase the suspicion of malignancy.” 
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was available for the remaining nodule 
to confirm growth, but the nodule dem-
onstrated highly suspicious signs such as 
spiculation as assessed by consensus of 
two expert radiologists. No nodule was 
attributed a score of 1. Two participants 
were attributed a score of 0.

Observer Study
We selected SSNs that would have been 
classified as Lung-RADS category 3 or 
higher, meaning nonsolid nodules mea-
suring at least 20 mm and part-solid 
nodules measuring at least 6 mm. Orig-
inal NLST annotations for nodule types 
and nodule size were used. For the solid 
core, the diameter measurement from 
the experienced radiologist was used. 
We presented the set of selected nod-
ules to six radiologists (E.T.S., J.M.G., 
H.P., N.S., M.P., and C.M.S.), all with 
at least 15 years of experience in read-
ing chest CT scans and extensive expe-
rience in reading screening CT scans. A 
reading workstation to optimize work-
flow and to document scoring data was 
used (CIRRUS Observer, Diagnostic 
Image Analysis Group). When a case 
was opened, a magnified axial view of 
the nodule was displayed. Coronal and 
sagittal projections were available but 
were often of suboptimal quality be-
cause most scans were reconstructed 
with 2.5-mm-thick sections. The full 
three-dimensional CT scan with differ-
ent window settings was available to the 
readers at any time. For each nodule, 
the observers were asked whether they 
would classify the nodule as category 
4X. If the answer was yes, the reader 
was asked which imaging features in-
creased the suspicion of malignancy to 
justify the use of category 4X.

The readers classified the imaging fea-
tures as present or absent. The following 
imaging features were evaluated: features 
that referred to the effect on surrounding 
tissue (defined as retraction, displacement 
of fissure, overinflation), internal nodule 
structure (defined as high and/or inhomo-
geneous attenuation), border characteris-
tics (defined as spiculation, sharp or un-
sharp definition, lobulation), presence of 
bullae (defined as dilated bronchi and/or 
air inclusions), and solid core characteris-
tics (defined as spiculated, multifocal).

spiculation. For this study, only malig-
nant lesions with probability scores of 2 
and 3 were considered as being visible 
at baseline.

Study Population
At baseline CT, 1807 nonsolid nodules 
and 510 part-solid nodules had been re-
ported by NLST readers. Use of at least 
Lung-RADS category 3 as an inclusion 
criterion resulted in a study group of 
47 nonsolid and 348 part-solid lesions. 
Retrospective identification of the nod-
ule on the scan was possible in 43 of 
the 47 (91%) nonsolid nodules and 
331 of the 348 (95%) part-solid nod-
ules. Reasons for failure of identifica-
tion were incomplete Digital Imaging 
and Communications in Medicine data 
for the scan (n = 11) or the fact that 
no nodule could be found by using the 
anatomic information provided by the 
NLST (n = 10). This left a total of 374 
lesions available for analysis.

Of the 374 lesions assigned a prob-
ability score of 2 or 3 by the expert 
radiologist, 56 SSNs were considered 
malignant. Of these 56 SSNs, 49 (88%) 
were diagnosed as cancers in year 0, 1, 
or 2 with an available scan of diagnosis 
and thus were given a score of 3. The 
remaining seven SSNs (13%) were diag-
nosed after the screening rounds (in year 
3 to year 6) and were given a score of 
2. Six of these seven lesions showed an 
increase in nodule mass over time on the 
screening CT scans; no follow-up scan 

volumetry. A nodule listed in the NLST 
database but not identifiable on the 
numbered section from the annotated 
lobe was marked as not found. All solid 
cores were reevaluated and segmented 
by a radiologist (E.T.S.) with more than 
5 years of experience in reading screen-
ing CT scans of the chest.

The same radiologist identified the 
malignant nodules by using NLST da-
tabase information with respect to the 
tumor-bearing lobe, year of diagnosis, 
and tumor size at pathologic examina-
tion. Probability scores were used to 
classify the degree of certainty in this 
identification process on a scale of 0 
to 3, where 3 indicates very high cer-
tainty (lesion was located in the tumor-
bearing lobe on a scan obtained within 
1 year of tumor diagnosis), 2 indicates 
high certainty (the lesion was located 
in the tumor-bearing lobe and imaging 
signs were suggestive of malignancy; 
however, the diagnosis of malignancy 
was made more than 1 year from the 
last available screening image), 1 indi-
cates low certainty (lesion was located 
in the tumor-bearing lobe and could 
potentially develop into a malignancy 
over time but the diagnosis was made 
more than 1 year from the last available 
screening CT scan and available images 
did not reveal unequivocal signs of ma-
lignancy), and 0 indicates very low cer-
tainty (no lesion was visible) (Table 1).  
Imaging signs suggestive of malig-
nancy included growth over time and 

Table 1

Probability Scores Used to Determine Level of Certainty for Malignant Lesions

Probability Score Definition

0 (very low) No lesion visible in the tumor-bearing lobe
1 (low) Lesion located in the tumor-bearing lobe that could potentially 

develop into a malignancy over time, but diagnosis was 
made more than 1 year from the last available screening 
CT scans and available images did not reveal unequivocal 
signs of malignancy

2 (high) Lesion located in the tumor-bearing lobe and imaging signs 
very suggestive of malignancy; however, diagnosis of 
malignancy was made more than 1 year from the last 
available screening scan

3 (very high) Lesion was located in the tumor-bearing lobe on a scan 
obtained within 1 year of tumor diagnosis
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was highest in category 4A, with 65% 
(95% CI: 55%, 74%). An average of 
46% (95% CI: 40%, 52%) of nodules 
in category 3 and 54% (95% CI: 50%, 
58%) in category 4B were correctly up-
graded (Table 3).

False-Positive Upgrade of Benign Nodules 
to Category 4X
The average false-positive rate was 7% 
(95% CI: 5%, 9%) for category 3 nod-
ules, 7% (95% CI: 4%, 10%) for cat-
egory 4A nodules, and 19% (95% CI: 
13%, 24%) for category 4B nodules. Of 
the benign and thus falsely upgraded 
lesions, an average of 27% (95% CI: 
18%, 36%) were transient. The average 
percentage of falsely upgraded tran-
sient nodules was 36% (95% CI: 19%, 
54%) for category 3 nodules, 4% (95% 
CI: 0%, 15%) for category 4A nodules, 
and 25% (95% CI: 14%, 36%) for cat-
egory 4B nodules.

Morphologic Characteristics
Internal structure was the most com-
mon imaging feature considered to be 
suspicious (average, 44 findings; 95% 
CI: 28, 59), followed by border charac-
teristics (average, 43 findings; 95% CI: 
28, 58). Solid core characteristics were 
the least common feature considered 
to be suspicious (average, 19 findings; 
95% CI: 5, 32). Effect on surrounding 
tissue and bullae were considered sus-
picious in an average of 23 (95% CI: 

agreement among the observers was 
moderate, with an average k value of 
0.535 (95% CI: 0.509, 0.561). Figures 
1 and 2 show examples of nodules for 
which there was agreement and dis-
agreement among the observers.

Malignancy rates—calculated sepa-
rately for lesions upgraded and not up-
graded to category 4X—are listed per 
observer in Table 2. Malignancy rates of 
category 4X nodules varied from 46% 
to 57% for the six observers, with an 
average of 53% (95% CI: 49%, 56%). 
The malignancy rates of category 4X 
nodules exceeded 50% for all but one 
observer. For all six observers, the ma-
lignancy rate for category 4X nodules 
was substantially higher than that for 
the purely size-based Lung-RADS cat-
egories alone (9%, 19%, and 23% for 
Lung-RADS categories 3, 4A, and 4B, 
respectively) (Table 2). After some nod-
ules were upgraded to category 4X, the 
average malignancy rates in the remain-
ing nonupgraded nodules decreased to 
4% (95% CI: 3%, 5%) for category 3 
nodules, 10% (95% CI: 6%, 15%) for 
category 4A nodules, and 10% (95% 
CI: 8%, 12%) for category 4B nodules.

In total, 96% of the malignancies di-
agnosed at baseline (27 of 28 nodules) 
were correctly upgraded by at least one 
of the six observers. During follow-up, 
the corresponding number was 82% 
(23 of 28 nodules). The average per-
centage of correctly upgraded lesions 

Statistical Analysis
Statistical analyses were performed by 
using software (SPSS, version 20.0; 
SPSS, Chicago, Ill). Interobserver 
agreement was assessed by using Fleiss 
k statistics. Malignancy rates—defined 
as the percentage of malignant lesions 
in all lesions per category—were calcu-
lated for the original categories (cate-
gories 3, 4A, 4B) and for category 4X. 
The false-positive rate was calculated 
for each observer to quantify how many 
benign nodules were incorrectly up-
graded to a higher risk category. The 
Fisher exact test was used to assess 
whether there was a statistically sig-
nificant difference in scores assigned 
to morphologic features in benign and 
malignant lesions that were upgraded 
to category 4X.

Results

Malignancy Rates without and with Use of 
Category 4X
The malignancy rates of nodules classi-
fied purely according to size (ie, without 
taking category 4X into account) were 
9% (17 of 196 nodules) for category 3 
SSNs, 19% (11 of 58 nodules) for cate-
gory 4A SSNs, and 23% (28 of 120 nod-
ules) for category 4B SSNs. On aver-
age, the observers upgraded 18% (95% 
confidence interval [CI]: 15%, 22%) of 
the 374 nodules to category 4X. The 

Figure 1

Figure 1: CT scans show malignant SSNs correctly upgraded by all six observers.
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15, 31) and 20 (95% CI: 10, 29) cases, 
respectively.

None of the features showed a sta-
tistically significant difference by all six 
observers between falsely upgraded be-
nign and correctly upgraded malignant 
4X lesions. Only border characteristics 
(P = .016 for observer 2 and P = .019 
for observer 6), internal structure (P = 
.018 for observer 2), and solid core (P 
= .046 for observer 5) were rated with 
a significantly greater frequency in ma-
lignant nodules (Table 4).

Discussion

Lung-RADS is the only scoring system 
that proposes an extra category 4X, 

Figure 2

Figure 2: Example CT scans of SSNs for which upgrade to category 4X was determined variably by the six observers. (a) Malignant lesion upgraded by three 
observers. (b) Malignant lesion upgraded by four observers. (c) Benign lesion upgraded by two observers. (d) Benign lesion upgraded by three observers. (e) Benign 
lesion upgraded by four observers. (f) Benign lesion upgraded by four observers.

Table 2

Malignancy Rates for Nonupgraded SSNs and Those Upgraded to Category 4X

Variable Lung-RADS 3 Lung-RADS 4A Lung-RADS 4B Lung-RADS 4X

Size-based  
Lung-RADS

17/196 (9) 11/58 (19) 28/120 (23) ...

Observer 1 9/178 (5) 9/55 (16) 8/83 (10) 30/58 (52)
Observer 2 3/168 (2) 3/46 (7) 8/86 (9) 42/74 (57)
Observer 3 7/177 (4) 5/48 (10) 9/85 (11) 35/64 (55)
Observer 4 8/177 (5) 7/50 (14) 12/92 (13) 29/55 (53)
Observer 5 6/166 (4) 3/46 (7) 5/71 (7) 42/91 (46)
Observer 6 9/177 (5) 4/49 (8) 8/82 (10) 35/66 (53)
Average (%)* 4 (3, 5) 10 (6, 15) 10 (8, 12) 53 (49, 56)

Note.—Malignancy rates were determined as follows: number of malignant nodules/total number of nodules in Lung-RADS 
category 3 100. A total of 374 nodules were analyzed, of which 56 were malignant. Except where indicated, data are numbers 
of nodules, with percentages in parentheses.

* Data in parentheses are 95% CIs. Average is average of observers.



6 radiology.rsna.org n Radiology: Volume 000: Number 0—   2017

THORACIC IMAGING: Lung-RADS Category 4X Chung et al

character of such a selection process. 
Observers were successful at increas-
ing the malignancy rate in category 4X 
to approximately 50%, but they used 
different morphologic criteria to select 
their cases. This suggests that it may 
be difficult to establish suspicious mor-
phologic features. The fact that at least 
one observer upgraded a malignant 
SSN to category 4X in 96% of malig-
nancies diagnosed at baseline and 82% 
of malignancies diagnosed at follow-up 
suggests that there are morphologic 
features that may help differentiate be-
nign from malignant nodules by means 
of computer analysis that goes beyond 
the capabilities of experienced human 
observers (15–17).

Our results also showed that such a 
subjective, purely visual tool resulted in 
an upgrade of benign lesions that would 
have unnecessarily undergone a more 
intense work-up, including biopsy or 
resection. A frequent benign counter-
part of SSNs is focal infections that are 
transient in nature (18,19). A number 
of studies have addressed the capability 
of differentiating transient from persis-
tent lesions on the basis of morphologic 
features (20–22). Because none of these 
visual or computerized tools yielded a 
perfect discrimination, the approach 
proposed by the Fleischner Society 
guidelines seems to be the most effec-
tive. These guidelines propose short-
term follow-up after 3 months to assess 
persistence of SSNs (23). The fact that 
an average of 27% of the incorrectly 
upgraded benign lesions in our study 
group turned out to be transient under-
lines the importance of such a follow-up 

shows that there are morphologic fea-
tures other than size and nodule type 
that enable the correct classification 
of malignant lesions. Previous studies 
have reported that a lobulated or spicu-
lated border, solid core size, and nodule 
size enable the prediction of malignancy 
in SSNs (8,9). In our study, observers 
were asked to specify morphologic fea-
tures only for nodules classified as cat-
egory 4X. Therefore, we cannot draw 
conclusions as to whether these mor-
phologic features enable differentiation 
between benign and malignant lesions; 
rather, the fact that (almost) no sig-
nificant differences in morphologic 
criteria were seen between true- and 
false-positive 4X lesions emphasizes 
the overlap of certain morphologic fea-
tures if visually assessed. In addition, 
the agreement among radiologists as to 
which SSN should be upgraded was only 
moderate, underlining the subjective 

which allows the observer to upgrade a 
nodule to a higher risk category if the 
observer considers the nodule more 
suspicious. Thus, category 4X intro-
duces a subjective component into the 
nodule management process but also 
offers a possibility to increase the ef-
ficiency of the screening process. In 
our study, 15%–24% of SSNs were up-
graded to category 4X. The malignancy 
rate for category 4X nodules per ob-
server varied from 46% to 57%, which 
was substantially higher than those for 
purely size-based categories 3, 4A, and 
4B (9%, 19%, and 23%, respectively). 
The results of our study therefore indi-
cate that the inclusion of a 4X category 
for suspicious lesions in a nodule man-
agement tool provides substantial add-
ed value and results in high malignancy 
rates in category 4X SSNs.

Furthermore, the successful true-
positive selection of malignant 4X lesions 

Table 3

Malignancy Rates for Lesions Upgraded to Category 4X

Observer
Total Upgraded to  
Category 4X 

Upgraded from  
Lung-RADS 3

Upgraded from  
Lung-RADS 4A

Upgraded from  
Lung-RADS 4B

1 30/58 (52) 8/18 (44) 2/3 (67) 20/37 (54)
2 42/74 (57) 14/28 (50) 8/12 (67) 20/34 (59)
3 35/64 (55) 10/19 (53) 6/10 (60) 19/35 (54)
4 29/55 (53) 9/19 (47) 4/8 (50) 16/28 (57)
5 42/91 (46) 11/30 (37) 8/12 (67) 23/49 (47)
6 35/66 (53) 8/19 (42) 7/9 (78) 20/38 (53)
Average (%)* 53 (49, 56) 46 (40, 52) 65 (55, 74) 54 (50, 58)

Note.—Malignancy rates were determined as follows: number of malignant nodules/total number of upgraded nodules 3 100. 
Except where indicated, data are numbers of nodules, with percentages in parentheses.

* Data in parentheses are 95% CIs.

Table 4

Morphologic Imaging Features That Increased Suspicion and Resulted in Upgrade to Category 4X

Feature Observer 1 Observer 2 Observer 3 Observer 4 Observer 5 Observer 6

Effect on surrounding tissue 13/16 (.793) 12/18 (.811) 4/6 (.999) 6/14 (.091) 17/12 (.653) 9/10 (.999)
Internal nodule structure 14/16 (.999) 18/35 (.018)* 14/22 (.314) 19/24 (.517) 37/31 (.999) 12/20 (.149)
Border characteristics 18/22 (.573) 24/40 (.016)* 20/24 (.999) 19/26 (.164) 8/12 (.206) 16/28 (.019)*
Bullae 10/12 (.791) 8/13 (.613) 8/16 (.195) 10/12 (.999) 1/1 (.999) 14/13 (.618)
Solid core characteristics 1/5 (.195) 10/11 (.795) 12/20 (.315) 2/2 (.999) 4/10 (.046)* 13/21 (.217)

Note.—Raw data are given as numbers of benign lesions/number of malignant lesions upgraded to category 4X with that feature. Numbers in parentheses are P values.

* Statistically significant.
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this procedure leaves a small but exist-
ing uncertainty. Last, the most recent 
International Association for the Study 
of Lung Cancer/American Thoracic 
Society/European Respiratory Society 
classification had not been applied when 
the NLST trial was carried out, meaning 
that it is unknown how many of the le-
sions included as T1 malignancies in the 
NLST database were actually minimally 
invasive adenocarcinomas.

In conclusion, our results indicate 
that the application of category 4X for 
suspicious SSNs is of substantial added 
value in the Lung-RADS system, with 
very high malignancy rates in the hands 
of experienced radiologists. Proof of 
the transient character of lesions in 
category 4X at short-term follow-up 
could avoid unnecessary invasive 
management.
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