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Is It All in the Eye of the Beholder? 
Comparing Pulmonologists’ and 

Radiologists’ Performance
Drayton Hammond, PharmD, MBA, BCPS, BCCCP; and Nikhil Meena, MD

Experienced pulmonologists and radiologists were equally accurate in diagnosing  
malignant lung nodules and lung masses seen on low-dose computed tomography scans.

L
ung cancer remains a lead-
ing cause of cancer-related 
deaths, and screening with 
low-dose computed tomogra-

phy (LDCT) has the potential to  de-
crease the mortality rate of patients 
by 20%.1 Most major cancer societ-
ies have issued lung cancer screen-
ing recommendations. For example, 
the National Comprehensive Can-
cer Network recommends annual 
LDCT scans for high-risk patients 
(those at moderate or low risk need 
not be screened). High-risk patients 
are aged between 55 and 74 years 
(the U.S. Preventive Services Task 
Force upper age limit is 80 years) 
and have a smoking history of  
≥ 30 pack-years, or if no longer 
smoking, a quit date within the past 
15 years. Although length of screen-
ing needed is unclear, it is advised 
that patients have annual LDCT 
scans until they have been smoke free 
for 15 years, develop limited life ex-
pectancy, or are no longer eligible for 
definitive treatment for lung cancer. A 

strong antismoking commitment and 
a multidisciplinary approach are of 
paramount importance.2,3

Fleischner Society criteria are the 
most established guidelines for risk-
stratifying pulmonary nodules (Table 
1). Nodules are stratified by size and 
change in size over a 2-year period. 
There is interest in evaluating change 
in volume as well, but techniques are 
still emerging and have not been uni-
versally adopted.4,5 

Lung nodule screening likely 
will require significant involve-
ment of radiologists and pulmon-
ologists in the workup of patients 
with positive screens. Radiologists 
have demonstrated a fair amount 
of interobserver agreement with 
respect to diagnosis, but there are 
no data comparing pulmonologists 
with other pulmonologists or with 
radiologists.6-8 In addition, although 
health care professionals have access 
to validated models for predicting 
risk of malignancy, there is evidence 
they do not use them.9,10

This study was conducted to de-
termine whether pulmonologists and 
radiologists experienced in thoracic 
abnormalities are consistent in accu-
rately diagnosing malignant lung nod-
ules and masses noted on CT scans.

METHODS
After obtaining institutional review 
board approval for this study, the au-
thors evaluated all the lung nodule 
or lung mass referrals that had been 
made to the University of Arkansas 
for Medical Sciences (UAMS) and 
Central Arkansas Veterans Health-
care System (CAVHS) interventional 
pulmonary clinics between March 
2009 and March 2013. Of the 1,512 
referrals made, 250 were randomly 
selected for noncontrasted CT image 
review and data collection. Each 
CT image was de-identified and 
then reviewed by a pulmonologist 
and a radiologist. The study used  
4 reviewers—2 board-certified pul-
monologists and 2 board-certified 
radiologists—all with > 3 years of 
experience. Both radiologists were 
thoracic specialists, and no residents 
or fellows participated. For each 
case, reviewers were given a brief pa-
tient history outlining smoking and 
other malignancies. Data collected 
included age, sex, race, exposure 
to cigarette smoking, and the gold 
standard of final diagnosis (FD).

In each case, a pulmonolo-
gist and a radiologist reviewed the 
patient’s CT images from the first 
visit. Reviewers were asked to  
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determine and document the single 
most likely diagnosis. Diagnoses 
were grouped into primary lung can-
cer, metastatic disease, lymphoma, 
infectious/inflammatory etiology, be-
nign neoplasm, and other (eg, sar-
coma). A lesion with a diagnostic 
biopsy and stability at 2 years was 
deemed benign. A lesion that was 
culture-positive or responded rapidly 
to antibacterial or antifungal therapy 
was deemed infectious/inflammatory.  
Lesions were grouped by size: group 
1 (≤ 10 mm), group 2 (11-30 mm), group 
3 (31-50 mm), group 4 (≥ 51 mm). 

Statistical Analyses
Student t tests were used to compare 
means. Concordance of the pulmo-
nary reviewers and FD was assessed 
with the κ coefficient. The concor-

dance was also evaluated 
between the radiology 
reviewers and FD. These 
statistical analyses were 
performed with SAS Ver-
sion 9.4 (SAS Institute). 
P values were interpreted 
using the sliding-scale 
approach of Menden-
hall  and colleagues:  
P < .01 (highly significant);  
.01 < P < .05 (statistically 
significant); .05 < P < .10 
(trending toward sig-
nificance); P > .10 (not  
significant).11

RESULTS
Of the 250 patients se-
lected for the study,  
111 had the pertinent  

Table 1. Fleischner Society Guidelines for Following  
Up Newly Detected Pulmonary Nodules in Patients  
Aged ≥ 35 yearsa

Nodule 
Size, mmb Low-Risk Patientc High-Risk Patientd

≤ 4 No follow-up needede Follow-up CT at 12 mo;  
if unchanged, no further follow-upf

> 4 to ≤ 6 Follow-up CT at 12 mo; if 
unchanged, no further follow-
upf

Follow-up CT at 6-12 mo;  
if unchanged, next follow-up at 
18-24 mof

> 6 to ≤ 8 Follow-up CT at 6-12 mo;  
if unchanged, next follow-up 
at 18-24 mo 

Follow-up CT at 3-6 mo;  
if unchanged, next follow-ups at 
9-12 and 24 mo

> 8 Follow-up CT around 3, 9, 
and 24 mo; dynamic con-
trast-enhanced CT,  
PET, and/or biopsy

Same as for low-risk patient

Abbreviations: CT, computed tomography; PET, positron emission tomography.
aReprinted with permission from the Radiological Society of North America.14

bMean length or width.
cMinimal or absent history of smoking and other known risk factors.
dHistory of smoking and presence of other risk factors.
eRisk of malignancy is very low (< 1%) in this group.
fNonsolid (ground-glass) opacities may require longer follow-up to rule out indolent 
malignanies.4

Table 2. Distribution of Diagnosis by 
Size and Suspicion: Pulmonology  
and Radiology Reviewers and Final  
Diagnosis

Diagnosis by Reviewer

Size-Based Groupa

1 2 3 4 Overall (%)

Pulmonologist

Primary lung cancer 18 24 2 24 68 (61)

Metastatic disease 7 7 2 3 19 (17)

Lymphoma 0 4 0 4 8 (7)

Infectious/inflammatory 6 4 1 0 11 (9)

Benign neoplasm 1 1 0 1 3 (3)

Other (eg, sarcoma) 0 0 0 2 2 (2)

Radiologist

Primary lung cancer 18 26 3 25 72 (65)

Metastatic disease 5 6 1 3 15 (14)

Lymphoma 2 4 0 3 9 (8)

Infectious/inflammatory 4 2 1 2 9 (8)

Benign neoplasm 3 1 0 0 4 (4)

Other (eg, sarcoma) 0 1 — — —

Final diagnosis

Primary lung cancer 16 21 2 21 60 (54)

Metastatic disease 3 8 1 3 15 (14)

Lymphoma 0 3 0 4 7 (6)

Infectious/inflammatory 6 5 1 3 15 (13)

Benign neoplasm 7 2 0 2 11 (9)

Other (eg, sarcoma) 0 1 1 1 3 (3)

aGroup 1 (≤ 10 mm), group 2 (11-30 mm), group 3 (31-50 mm),  
group 4 (≥ 51 mm).
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data available, along with a follow-
up appointment > 2 years afterward 
at the center. The patients included 
40 women and 71 men; 79 white pa-
tients, 29 black patients, and 3 patients 
of other races. Mean age was 58 years 
(range, 21-93 years).

Risk factors for malignancy were 
older age, larger lesion, and history 
of smoking. The malignancy rates for 
women and men were almost identi-
cal (53% and 54%, respectively), and 
the difference was not statistically 
significant (P = .40).

Diagnosis 
Table 2 outlines the distribution of 
the reviewers’ diagnoses and the dis-
tribution of FD. Primary lung cancer 
was the dominant suspected diag-
nosis and accounted for 61%, 65%, 
and 54% of the cases reviewed by 
the pulmonologist, the radiologist, 
and FD, respectively. Metastatic dis-
ease was a distant second dominant 
diagnosis (17%, 15%, and 15%, re-
spectively). There was no statistical 
difference between the reviews of the 
pulmonologist and radiologist, and 
the FD (P > .05).

Table 3 lists the κ results for 
the strength of agreement be-
tween pulmonologist and radi-
ologist. Agreement for primary 
lung cancer  was  very  good:  
0.94 (95% confidence interval [CI], 
0.89-0.99). With respect to group 1, 
agreement was perfect: 1.0 (95% CI, 
1.000-1.000). Benign neoplasm had 
the weakest agreement. There was no 
statistical difference between pulmo-
nologist and radiologist determina-
tions across size-based groups.

Agreement between pulmonolo-
gist and FD was almost perfect. 
The major discrepancy between 
the sets of reviewers remained be-
nign neoplasm and infectious/in-
flammatory etiology.

Of the 111 study patients,  
68 (61%) and 72 (65%) were sus-
pected of having primary lung cancer 
by pulmonologist and radiologist, re-
spectively. However, only 60 (54%) 
actually had primary lung cancer; the 

differences were not statistically sig-
nificant (P = .27 and .1, respectively). 
No cases were reclassified as primary 
lung cancer on final pathology.

Infectious/inflammatory etiolo-
gies did not always have positive  

Table 3. κ Scores for Pulmonology and Radiology Reviewersa

Diagnosis by Size-Based Groupb κ SE for κ 95% CI Agreement Strength

Group 1

Primary lung cancer 1.00 0 1.00 to 1.00 Perfect

Metastatic disease 0.71 0.2 0.37 to 1.00 Good

Infectious/inflammatory 0.67 0.2 0.27 to 1.00 Good

Benign neoplasm 0.14 0.14 –0.003 to 0.55 Poor

Group 2

Primary lung cancer 0.88 0.1 0.74 to 1.00 Very good

Metastatic disease 0.86 0.13 0.59 to 1.00 Very good

Lymphoma 1.00 0 1.00 to 1.00 Perfect

Benign neoplasm 0.5 0.38 –0.23 to 1.00 Moderate

Group 3

Primary lung 1.00 0 1.00 to 1.00 Perfect

Group 4

Primary lung cancer 0.88 0.07 0.74 to 1.00 Very good

Metastatic disease 1.00 0 1.00 to 1.00 Perfect

Lymphoma 0.75 0.22 0.31 to 1.00 Good

Overall

Primary lung cancer 0.94 0.03 0.89 to 0.99 Very good

Metastatic disease 0.79 0.1 0.6 to 0.98 Good

Lymphoma 0.89 0.1 0.67 to 1.00 Very good

Infectious/inflammatory 0.82 0.12 0.58 to 1.00 Very good

Benign neoplasm 0.75 0.22 0.3 to 1.00 Good

Abbreviations: CI, confidence interval; SE, standard error.
aTests were performed for more than 4 observations. 
bGroup 1 (≤ 10 mm), group 2 (11-30 mm), group 3 (31-50 mm), group 4 (≥ 51 mm).
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cultures. Those with positive cul-
tures included Streptococcus (S) viri-
dans, Rhodococcus equi, Blastomyces 
dermatitidis, S constellatus, S angino-
sus, S intermedius, and Histoplasma 
capsulatum. Benign neoplasms in-
cluded radiation injuries, benign 
fibrous tumor of the pleura, and 
hamartoma.

Pulmonologists and radiolo-
gists had identical high sensitivities 
for primary lung cancer: 1.0 (95% 
CI, 0.94-1.00). Specificities were  
0.84 (95% CI, 0.77-0.84) for pul-
monologists and 0.77(95% CI, 
0.69-0.77) for radiologists, and the 
difference was not statistically sig-
nificant (P = .28) (Table 4).

DISCUSSION
Computed tomography scans are 
performed to evaluate a variety of 
diseases. An estimated 7 million CT 
scans are performed in the U.S. annu-
ally.6,12 As the National Lung Screening 
Trial recommendations are followed 
more routinely, almost 9 million peo-
ple could become candidates, adding 
to the already large number of CT 
scans to be evaluated.13

Radiologists would understand-
ably read most of these patients’ 
scans. However, patients referred to 
tertiary-care centers usually bring CT 
images with them; even scans per-
formed at UAMS and CAVHS centers 
may not be read by a radiologist in 
time for an appointment. The result 
is that the clinic pulmonologist often 
must base decisions on a CT read-
ing, but without the assistance of 
high-fidelity computer programs or 
a high-definition scan.5 These limita-
tions indicate why it is important to 
know whether assessment by a pul-
monologist compares favorably with 
assessment by a radiologist and with 
the eventual diagnosis. 

The malignancy rate in the re-
ferred population is not insignifi-
cant. Halbert and colleagues found a 
25% malignancy rate in their study,12 
and the present study had an overall 
malignancy rate of 54%. The differ-
ence may be attributed to the pos-
sibility that the patients may have 
been prescreened prior to referral.

The reviewers overestimated the 
presence of malignant disease, though 
not to a level of statistical significance. 

About 88% of cases evaluated by a 
pulmonologist and 83% of cases eval-
uated by a radiologist were confirmed 
to be malignant. The reviewers’ sen-
sitivity was perfect for all diagnoses 
except benign neoplasms, likely be-
cause these cases were classified ma-
lignant, thus increasing sensitivity but 
decreasing specificity. 

This dynamic is important to un-
derstand, as it allows for a very high 
negative predictive value, which has 
real implications for resource man-
agement at VA hospitals, including 
CAVHS facility, where almost every 
CT scan with an abnormality is re-
ferred for pulmonologist consulta-
tion. In these cases, the radiologist 
not only lists the likely suspicion but 
includes a recommendation for fol-
low-up or further workup based on 
Fleischner Society guidelines.4,14 The 
patient should be informed of find-
ings as soon as the radiologist reads 
the CT scan, and a plan should be 
made on the basis of the recommen-
dation. The patient should not have 
to unnecessarily wait—a potential 
source of anxiety—to see another 
specialist who would probably make 

Table 4. Specificity and Sensitivity of Radiologic Examination (CI)

Diagnosis

Specificity Sensitivity           Positive            Predictive Value Negative Predictive Value

Pulmonologist Radiologist Pulmonologist Radiologist Pulmonologist Radiologist Pulmonologist Radiologist

Malignancy 0.84
(0.77-0.84)

0.77
(0.69-0.77)

1.00
(0.94-1.00)

1.00
(0.94-1.00)

0.89
(0.83-0.88)

     0.83
(0.78-0.83)

1.00
(0.92-1.00)

1.00
(0.9-1.00)

Metastatic  
disease

0.96
(0.92-0.96)

1.00
(0.97-1.00) 

1.00
(0.79-1.00)

1.00
(0.82-1.00)

0.76
(0.63-0.79)

     1.00
(0.82-1.00)

1.00
(0.97-1.00)

1.00
(0.97-1.00)

Lymphoma 0.99
(0.96-0.98)

0.98
(0.95-0.98)

1.00
(0.62-1.00)

1.00
(0.69-1.00)

0.89
(0.6-0.89

     0.81
(0.56-0.81)

1.00
(0.97-1.00)

1.00
(0.97-1.00)

Infectious/  
inflammatory

0.73
(0.52-0.73)

0.6
(0.4-0.6)

1.00
(0.62-1.00)

1.00
(0.69-1.00)

1.00
(0.73-1.00)

     1.00
(0.66-1.00)

0.96
(0.93-0.96)

0.94
(0.91-0.94)

Benign  
neoplasm

1.00
(0.98-1.00)

1.00
(0.97-1.00)

0.27
(0.08-0.27)

0.33
(0.13-0.33)

1.00
(0.3-1.00)

     1.00
(0.41-1.00)

0.92
(0.9-0.92)

0.92
(0.9-0.94)
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the same recommendation. 
Applying this study’s findings 

could improve workflow and the 
timing of CT scans. A patient should 
not be referred to a pulmonologist 
unless specifically recommended 
by a radiologist, thus decreasing the 
scheduling burden on the specialty 
clinic and allowing for appropriate 
patients to be scheduled at reason-
able intervals. In addition, having 
only 1 person in charge of ordering 
CT scans could reduce the chance of 
duplicating orders and performing 
CT scans at inappropriate times.

Most important, these results 
should lead to more detailed physi-
cian–patient discussions about radio-
logic findings, hopefully alleviating 
any patient anxiety. A patient who 
still wants to see a specialist may, but 
with less stress that can accompany 
being told that there is “something 
abnormal” on the imaging and that 
the patient needs to see a lung doctor.

Limitations
This study had a few weaknesses. It 
was a small trial, and its data were 

collected retrospectively. In addi-
tion, generalizing its results may be 
difficult, as its reviewers had less 
than 5 years of training, and review-
ers with more experience likely 
would be more accurate and have a 
higher rate of agreement.

Results could have been skewed 
by the study’s unusually large num-
ber of patients with malignant dis-
ease. Had the study been conducted 
with a larger population (patients at 
primary care offices), accuracy and 
agreement might have been lower.

CONCLUSION
This study answered its 2 questions. 
Although it is universally accepted 
that pulmonologists can review pa-
tients’ scans, to the authors’ knowl-
edge this is the first study that asked, 
“Are pulmonologists as good as radi-
ologists in reading CT scans?” The 
answer is yes. Also asked was, “Do 
pulmonologists’ and radiologists’ di-
agnoses predict the final path?” The 
reviewers’ were very accurate except 
in the case of benign neoplasms.

Experienced pulmonologists and 
radiologists are consistent in accu-
rately diagnosing malignant lung 
nodules and lung masses noted on 
CT scans.  ●
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