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AIM: To measure the level of radiologists’ performance in lung cancer detection, and to
explore radiologists’ performance in cancer specialised and non-specialised centres.

MATERIALS AND METHODS: Thirty radiologists read 60 chest computed tomography (CT)
examinations. Thirty cases had surgically or biopsy-proven lung cancer and 30 were cancer-
free cases. The cancer cases were validated by four expert radiologists who located the ma-
lignant lung nodules. Reader performance was evaluated by calculating sensitivity, location
sensitivity, specificity, and area under the receiver operating characteristic (ROC) curve (AUC).
In addition, sensitivity at fixed specificity (0.794) was computed from each reader’s estimated
ROC curve.

RESULTS: The radiologists had a mean sensitivity of 0.749, sensitivity at fixed specificity of
0.744, location sensitivity of 0.666, specificity of 0.81 and AUC of 0.846. Radiologists in the
specialised and non-specialised cancer centres had the following (specialised, non-specialised)
pairs of values: sensitivity=(0.80, 0.719); sensitivity for fixed 0.794 specificity=(0.752, 0.740);
location sensitivity=(0.712, 0.637); specificity=(0.794, 0.82) and AUC=(0.846, 0.846).

CONCLUSION: The efficacy of radiologists was comparable to other studies. Furthermore,
AUC outcomes were similar for specialised and non-specialised cancer centre radiologists,
suggesting they have similar discriminatory ability and that the higher sensitivity and lower
specificity for specialised-centre radiologists can be attributed to them being less conservative
in interpreting case images.

© 2018 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

Introduction

Lung cancer is considered the leading cause of cancer
deaths worldwide; however, outcomes are significantly

better if the cancer is detected at an early stage, with a 10
year survival of stage 1 lung cancer of up to 75%.' Lung cancer
in Jordan is the second most common cancer among males,
accounting for 16.2% of all new cancers; in comparison, lung
cancer accounts for 9.6% and 13.6% of all new cancers in
Australia and the USA, respectively. Mortality from lung
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cancer accounts for 21.6% of deaths from cancer in Jordan,
compared to 20.2% in Australia and 28.3% in the USA.”

In 2011, the largest randomised controlled trial in lung
cancer screening conducted in the USA, the National Lung
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Screening Trial NLST,” demonstrated a significant 20%
reduction in lung cancer deaths. This presented important
evidence that annual computed tomography (CT) screening
for lung cancer focusing on a high-risk population can
prevent a substantial number of lung cancer-related deaths.
After the findings of the NLST were published a number of
major professional health authorities began recommending
annual chest screening with CT for people at high risk of
developing lung cancer.* ® As a consequence, the USA” and
China® are currently implementing lung cancer screening
programmes. Whilst other countries such as Australia and
those in Europe have yet to establish a specific screening
programme, the introduction of such programmes are ex-
pected within the next few years.”'” In Jordan, although
there are early detection and screening programmes for
other cancer types, such as breast cancer, there is currently
no lung cancer screening. Furthermore, according to the US
preventive services task force recommendations,'' research
needs to be conducted where smoking prevalence and lung
cancer incidence is higher: among the socioeconomically
disadvantaged populations. Thus if Jordan and other coun-
tries that do not have a lung cancer screening programme
are to implement one, it is critically important to ensure
that radiologist diagnostic performance is of a sufficiently
high standard.

Previous literature has shown high variability in sensi-
tivity for radiologists when detecting lung nodules in CT
images, ranging from 0.30 to 0.97.'>"'° For example, in an
investigation by Rubin et al.'* of the performance of 13 ra-
diologists in the detection of 5 mm nodules embedded
randomly in 40 chest CT scans on a 1 mm section thickness
reconstruction, sensitivity ranged from 0.30 to 0.73; how-
ever, most other studies that have described radiologist
performance for detecting lung nodules have used a rela-
tively low number of radiologists (2—5 radiologists), with a
maximum of 16 radiologists.”>'*'® In a study’’ that
investigated lung nodule detection, the performance of two
experienced radiologists was compared to two inexperi-
enced radiologists in terms of sensitivity. The experienced
radiologists with an average sensitivity of 0.54 out-
performed the inexperienced radiologists with an average
sensitivity of 0.26.

In another study, Roos et al.® evaluated the performance
of three radiologists in lung nodule detection on 20 chest CT
examinations, before and after the application of computer-
aided detection (CAD) system. The detection sensitivities
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Table 1
Demographics of the participating radiologists.

achieved by the readers without CAD were 0.59, 0.57, and
0.44, compared to sensitivities of 0.67, 0.82, and 0.60 with
CAD. Among other limitations, the studies mentioned the
need for a larger number of observers and cases. None of
these studies include conclusions that generalise to both
the reader and case populations, but instead treat either
cases or readers as random, but not both.

Lung cancer detection is considered one of the most
difficult radiological tasks, with approximately 300 axial
images contained within a single CT examination of very
complex lung parenchyma surrounding the nodules. With
such previously reported variability in radiologist perfor-
mance, it is essential that the diagnostic ability of radiolo-
gists in Jordan is established before the commencement of
any screening programme, so that any necessary level and
type of education and training can be considered in
advance. The primary purpose of this study, therefore, is to
measure the level of radiologists’ performance in Jordan; a
secondary purpose is to estimate the difference in radiolo-
gists’ diagnostic efficacy between one specialised and
several non-specialised cancer centres.

Materials and methods

This study investigated radiologist performance in lung
cancer detection. Ethics approval from the University of
Sydney was obtained. Informed consent from each partici-
pating radiologist was obtained before conducting this
observer performance study. Permission from the hospital
where radiologists performed the readings was provided.

Participants

The study included 30 radiologists with varying experi-
ence levels (median=7 years, minimum=2 years and
maximum=30 years). There were 14 female and 15 male
readers, ranging in age between 27 and 59 with a median
value of 35 years. Demographics of the participating readers
are presented in Table 1. Readers were recruited from
different hospitals in Jordan to provide the range of exper-
tise found in general radiology. Invitational emails were
sent to the Radiology Department Chairs in the hospitals
about the study, after which interested radiologists were
contacted. A brief presentation was given to the interested
radiologists summarising the aims, methods, and signifi-
cance of the study. Information regarding each participant’s

Variable All participants Specialised cancer centre Non-specialised cancer centre®
Age 35 (27, 56) 35 (35, 56) 35 (27, 56)

Gender F=14 M=16 F=6 M=5 F=8 M=11

Years of experience 7 (2, 30) 12 (7, 30) 3 (2, 30)

Years reading chest CT scans 7 (2, 30) 7 (7, 30) 3(2,30)

Hours spent reading chest CT/week 15 (3, 28) 28 (3, 28) 11 (3, 28)

No. of scans read annually 1,500 (500, 6000)

1,500 (500, 4,500) 1,500 (500, 6000)

All variables except for gender are summarised using the format median (minimum, maximum).

F, female; M: male; CT, computed tomography.

2 Non-specialised cancer centre readers are from the following hospitals: public (n=3), private (n=3), military (n=7), and university (n=6).
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age, gender, and experience was collected using a
questionnaire.

The participants in this study were divided into two
subgroups: the first group consisted of 11 radiologists from
a specialised cancer centre, and the second group included
19 radiologists from non-specialised cancer centres (general
hospitals) which included six from a university, three from a
private, seven from a military, and three from a public
hospital. The specialised cancer centre’! is an independent
non-governmental comprehensive cancer care centre for
cancer care, training, education, and research, and is fully
accredited as an oncology centre equipped to diagnose and
treat all types of cancer.

Image test set

All readers independently read the same test set of 60
chest CT cases (30 cancer cases and 30 cancer-free cases).
The mean number of images per case was 230. All cases
were randomised and de-identified using DicomSort soft-
ware. The cancer cases were obtained from the LIDC-IDRI
(Lung Image Database Consortium) image collection,
which is publicly available from the Cancer Imaging Archive
(TCIA).?>?® The 30 cancer cases in the present study were
chosen from 1,018 cases, which had been acquired using
different scanner types, a tube voltage ranging from
120—140 kV, tube current range 40—627 mA, and recon-
struction interval mean of 1.74 mm.?® For the purpose of
this study, only biopsy- or surgically-proven primary lung
cancer cases, with four or fewer nodules per case were
included. Locating the nodules was initially performed by
four experienced thoracic radiologists in a two-phase image
annotation process. The first phase was the blinded read
phase where each radiologist independently reviewed the
scans and located the nodules. In the following unblinded
phase the radiologists independently reviewed their nodule
markings in addition to the anonymised marks of the other
three radiologists to make a decision, without forced
consensus.”> Cancer cases had varying numbers of nodules
with one, two, three, and four nodules being present in 13,
11, three, and three cases respectively. The diameter of the
nodules ranged from 3 to 30 mm, with 33 nodules between
3 and 10 mm, and 23 nodules >10 mm. Seven nodules that
had a diameter <5 mm were all in scans that contained
multiple nodules, in which there was at least one nodule >5
mm. This was in agreement with the British Thoracic Soci-
ety (BTS) guidelines in which risk assessment of scans with
multiple nodules <5 mm depend on that of the largest
nodule.’* There was also variation in the location of the
nodules: 18 in the right upper lobe, three in the middle, 11
in the right lower lobe, 10 in the left upper lobe, and 14 in
the left lower lobe of the lungs. Details are presented in
Table 2.

Cancer-free cases were chosen and independently
confirmed by two expert cardiothoracic radiologists with an
average of 16 years thoracic CT experience. A number of the
cancer-free cases (like the cancer cases) had benign pul-
monary conditions such as pneumonia, pleural effusion, or
benign nodules. The following criteria were used to exclude

Table 2
Number of malignant nodules according to size, location, and lung cancer
type.

Nodule characteristics No. of nodules

Nodule size

3—10 mm 33
11-20 mm 18
21-30 mm 5
Nodule location

Right upper lobe 18
Right middle lobe 3
Right lower lobe 11
Left upper lobe 10
Left lower lobe 14
Nodule (cancer) type

Non-small cell lung cancer 33
Small cell lung cancer 23
Total number of nodules 56

the cases in the non-cancer data set: large nodule size,
nodules with suspicious morphology, such as lobulation or
spiculation, irregular walls, multiplicity, inhomogeneous
density, and high-risk patients. Nodules that were consid-
ered benign were solitary nodules, with smooth walls,
rounded or oval in shape, with no lobulation or spiculation,
with benign features, such as containing fat or calcification
and were <6 mm in diameter. These benign nodules were
only recorded with low-risk patients.?”

Readings

Readings were performed on HP Z440 workstations (CPU
Intel Processor, Memory Seagate RAM 8 GB, Storage Space
500 GB, Network Interface Broadcom) and the images were
displayed on two calibrated, 19.5 inch, 3 (MP) megapixel,
greyscale, display monitors available with each worksta-
tion. The scans were reviewed in a reading/reporting room
5x5.5 m in size, painted with a matt light blue colour. All
reading conditions were kept constant for all the readings.

Readers were asked to identify and locate all perceived
malignant nodules, and provide a score of confidence for
each perceived nodule. Readers were instructed to give
cases that appeared to be normal, i.e.,, did not have any
nodules, a score of 1. A perceived benign nodule was to be
given a score of 2, and a perceived malignant nodule was to
be given a score ranging from 3 to 5, with a higher score
indicating higher confidence of malignancy. The readers
were requested to ignore abnormalities other than lung
nodules or any other findings suspicious for lung cancer. It
was not possible for radiologists to mark their findings on
the displayed image because of the large number of images
present in each case (an average of 230 images/case);
therefore, the radiologists recorded their decisions using a
paper-based method. Each radiologist was given full in-
structions before the readings commenced. The readers
were asked to place the screen curser over each perceived
nodule to identify its unique three-dimensional location,
followed by filling in a table with the nodule location in-
formation and confidence score.

Fig 1 shows an example of the viewing software that the
readers used to locate the nodules. The reader listed a
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Figure 1 The information needed to locate lung nodules on the axial
chest CT section. Arrow A is pointed towards a nodule, arrow B shows
the section number and arrows C show the x and y coordinates of the
centre of the nodule after the curser has been placed in the middle of
the nodule.

section number where a malignancy was noted, as well as
the x and y coordinates for that nodule and the confidence
score for the nodule. By placing the curser in the centre of
the nodule, the reader obtained the x and y coordinates. For
example, for the nodule shown in Fig 1, the reader filled in
the table section number 85 (as the nodule is visible in
slices from 78 to 89, any section number within this range is
considered correct). The same applies for the x and y co-
ordinates; by placing the curser in the centre of the nodule,
the reader obtained the x and y coordinates for that nodule,
which were x=370 and y=368 for the example. Further-
more, as the nodule has visible edges in the x direction from
350 to 380 and visible edges in the y direction from 358 to
387, any x and y values within this range was considered
correct. An additional 10 pixels margin of error was added
in either direction for each nodule.

Radiologists were blinded to the scanning protocol and
the patient clinical history. No information on cancer cases
prevalence was given and radiologists were able to use all
the post-processing tools typically available in a clinical
setting. No time restrictions were imposed and readers
could interpret images over several sessions if required.

Data analysis

Each radiologist’s performance was evaluated using
sensitivity, specificity, sensitivity at fixed specificity, loca-
tion sensitivity, and area under the receiver operating
characteristic (ROC) curve (AUC). These measures were
defined as follows: (1) sensitivity: the proportion of cancer
cases correctly identified, i.e., given a confidence score of 3
or above for any perceived nodule, regardless of whether
the nodule was correctly located; (2) specificity: the pro-
portion of cancer-free cases that were correctly identified as
either normal (confidence score=1), or if any perceived
nodules were identified as possibly benign (confidence
score=2); (3) location sensitivity: the proportion of actually
malignant nodules that were correctly identified (confi-
dence score >3) and located by the radiologist; (4) AUC
computed using the PROPROC?®?® procedure. The ROC
curve is a plot of sensitivity versus 1 — specificity. For a

randomly selected pair of cases, one having cancer and one
being cancer free, the AUC estimates the probability that the
reader will correctly discriminate between the two cases.?®
The PROPROC procedure produces smooth semiparametric
ROC curves that are proper, and thus have no undesirable
“hooks”, which can occur when ROC curves are estimated
assuming a latent binormal model. The PROPROC method is
preferred to the non-parametric (or empirical) method
because the latter tends to underestimate the AUC for data
such as the present, where the readers are forced to use only
a few ordinal ratings.”® The reader AUCs, their standard
deviation (SD), and the 95% confidence interval (CI) for the
difference of the population AUCs between the centres were
calculated using the software package OR-DBM MRMC
2.50°° which is freely available from http://perception.
radiology.uiowa.edu/. Sensitivity at fixed specificity, with
fixed specificity equal to 0.794; 0.794 was chosen because it
is the mean specificity for readers from the specialised
cancer centre. This measure is determined from each
reader’s estimated ROC curve. It allows us to compare the
estimated performance of the readers in specialised and
non-specialised cancer centres when they are operating at
the same specificity.

The data were tested for normality using the
Shapiro—Wilk test, and 95% Cls based on Student’s t-test
distribution were used to describe overall reader perfor-
mance and to compare the specialised and non-specialised
cancer centre readers. The two groups were considered to
be significantly different if the 95% CI for the difference in
values between the two groups did not include zero, which
corresponds to a p-value <0.05 using the two-sample t test.

The two groups were also compared with respect to their
summary ROC curves, where the summary ROC curve is
defined as a plot of average sensitivity, computed across
readers, for each possible fixed value of 1 — specificity. To
illustrate the computation of the summary curve, consider 1
— specificity=0.10. For each reader, the corresponding
sensitivity was computed from the estimated ROC curve
and the average computed. The AUC for each summary ROC
curve is the same as the mean AUC (See Chen and
Samuelson®' for a description of this method of computing
a summary ROC curve).

Results
Individual reader results

The individual reader estimates for each of the outcomes
are shown in Fig 2, grouped according to centre (specialised
compared to non-specialised). Fig 2 reveals that one reader
was an extreme outlier with respect to specificity, having a
value of 0.23, whereas all other readers had values
exceeding 0.67. Thus this reader was dropped from all
subsequent analyses.

Overall performance

The mean and corresponding 95% Cls, SD, and minimum
and maximum values for the sensitivity, sensitivity (with
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Figure 2 Individual reader performance outcomes by centre (specialised compared to non-specialised). The reader with specificity equal to 0.23
was dropped from all subsequent analyses. Notes: SENS=sensitivity; LOC_SENS=location sensitivity; SPEC=specificity; AUC=area under the ROC
curve; SENS at SPEC=.0794 is the estimated sensitivity for specificity=0.794, computed from the estimated ROC curve. For the last two out-

comes, the ROC curve was estimated using the PROPROC method.

fixed specificity=0.794), location sensitivity, specificity and
AUC, calculated across readers, are presented in Table 3. The
means are as follows: sensitivity=0.749, sensitivity (with
fixed specificity=0.794)=0.744, location sensitivity=0.666,
specificity=0.81 and AUC=0.846.

Table 4 is similar to Table 3, except that results are given
for each of the two subgroups of readers and for their dif-
ference. The means for the specialised cancer-centre
readers are as follows: sensitivity=0.80, sensitivity (with
fixed specificity=0.794)=0.752, location sensitivity=0.712,
specificity=0.794 and AUC=0.846. The means for the
non-specialised cancer centre readers are as follows:
sensitivity=0.719, sensitivity (with fixed specific-
ity=0.794)=0.74, location sensitivity=0.637, specific-
ity=0.82 and AUC=0.846.

Although there was no statistically significant difference
between the two groups of readers in terms of sensitivity
(p=0.0826), location sensitivity (p=0.0755), sensitivity at
fixed specificity (p=0.7496), specificity (p=0.3698) and AUC

Table 3
Overall reader-performance summary statistics.

Mean (95% CI) SD

0.749 (0.702, 0.796) 0.124 0.533-1.0
0.744 (0.707, 0.781) 0.097 0.572—0.973

Minimum—maximum

Sensitivity
Sensitivity at
Specificity=0.794
Location Sensitivity 0.666 (0.623, 0.708) 0.111 0.467—0.867
Specificity 0.81 (0.782,0.839) 0.075 0.667—0.967
AUC 0.846 (0.828, 0.863) 0.046 0.749—0.931

The numbers in parentheses are the 95% confidence-interval (CI) lower and
upper bounds. Sensitivity at specificity=0.794 was computed from each
reader’s estimated ROC curve, with 0.794 chosen because it is the mean
specificity for readers from the specialised cancer centre.

SD, standard deviation; AUC, area under the curve.

(p=1), the 95% CI of some of the performance parameters,
such as sensitivity (-0.012, 0.175), location sensitivity
(-0.009, 0.159), and specificity (-0.086, 0.033) were too wide
to come to the conclusion that the groups had similar
performance.

The individual reader ROC curves are displayed in Fig 3
and the summary ROC curves for the two groups, as well
as the observed (1 — specificity, sensitivity) values, are
displayed in Fig 4. As previously noted, each summary ROC
curve is a plot of average sensitivity, computed across
readers, for each possible fixed value of 1 — specificity. Fig 4
shows that the summary ROC curves are quite similar and
that both of the observed (1 — specificity, sensitivity) values
are very close to their corresponding summary curves.

Discussion

The present study investigated the lung cancer detection
performance of radiologists examining CT chest examina-
tions in Jordan and involved a higher number of partici-
pating radiologists compared to similar previous
studies'>?%3273> performed in other countries. Moreover,
radiologist’ performance in the present study is evaluated
and described in a detailed and comprehensive manner,
reporting sensitivity, location sensitivity, specificity, sensi-
tivity at a fixed specificity, and AUC. Sensitivity in the pre-
sent study (mean of 0.749) was higher than in most other
studies,'>1416:19.20.32.33.36 and comparable to others.'”>” The
AUC for readers in the present study (mean of 0.846) was
similar to other studies.'*??32734

The performance of radiologists in specialised cancer
centres and non-specialised cancer centres was also inves-
tigated. Although the preliminary analysis did not show
significant differences between the two groups, 95% Cls
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Table 4

Reader-performance summary statistics by centre.
Parameters Specialised centre SD Non-specialised centre SD 95% (I of the difference

Mean (95% CI) Mean (95% CI)

Sensitivity 0.80 (0.713, 0.887) 0.13 0.719 (0.663, 0.774) 0.112 (-0.012, 0.175)
Sensitivity (at 0.794 specificity) 0.752 (0.665, 0.839) 0.129 0.740 (0.702, 0.777) 0.076 (-0.065, 0.09)
Location sensitivity 0.712 (0.648, 0.776) 0.096 0.637 (0.581, 0.693) 0.113 (-0.009, 0.159)
Specificity 0.794 (0.744, 0.844) 0.074 0.82 (0.783, 0.858) 0.076 (-0.086, 0.033)
AUC 0.846 (0.807, 0.885) 0.058 0.846 (0.826, 0.865) 0.039 (-0.036, 0.037)

The numbers in parentheses are the 95% CI lower and upper bounds.

Sensitivity at specificity=0.794 was computed from each reader’s estimated ROC curve, with 0.794 chosen because it is the mean specificity for readers from the

specialised cancer centre.
CI, confidence interval; SD, standard deviation; AUC, area under the curve.
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Figure 3 Individual reader ROC curves by centre.

were too wide to conclude that the groups were clinically
similar with respect to sensitivity, location sensitivity, and
specificity. Mean sensitivity was 8 percentage points higher
in the specialised centre (0.80 compared to 0.719), with
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Figure 4 Summary ROC curves and observed (1—specificity, sensi-
tivity) points by centre.

most of the confidence interval (-0.012, 0.175) for the dif-
ference (specialised minus non-specialised) being to the
right of zero; these results suggest that a significant differ-
ence might be found with more precise estimates from a
larger study. In contrast, mean specificity was 2.6 percent-
age points higher for the non-specialised centre (0.794
compared to 0.82), with more of the confidence interval
(-0.086, 0.033) being to the left of zero.

The mean AUC estimates were the same (0.846) for both
subgroups with the confidence interval (-0.036 to 0.037) for
the specialised minus non-specialised centre difference
being narrower than for the other outcomes. Thus there is
95% confidence that the population mean AUC for
specialised-centre radiologists is between 0.036 less and
0.037 more than for non-specialised-centre radiologists.
Hence the present results indicate that the absolute differ-
ence in AUC for the two populations is not >0.037. These
results demonstrate that the discriminatory ability of radi-
ologists in the two groups is similar. One way to describe
the similarity is that, on average, radiologists from the two
groups differ by <0.037 probability of being able to distin-
guish between a randomly selected non-diseased case and a
diseased case.
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Mean sensitivity at fixed specificity (0.794) was slightly
higher for the specialised centre: 0.752 versus 0.740, with
the specialised minus non-specialised CI (-0.065, 0.09) for
the centre difference being wider than that for the AUC. It
can be concluded with 95% confidence that the population
mean sensitivity for fixed specificity (fixed at 0.794) for
specialised-centre radiologists is between 0.065 less and
0.09 more than for non-specialised-centre radiologists.
Although there is not a statistically significant difference
between the two outcomes (because the confidence inter-
val contains zero) the width of the CI prevents the conclu-
sion that the outcomes are relatively similar for the two
groups.

Taken together, the present results based on the ROC
curves — specifically, the closeness of the AUC, and sensi-
tivity for fixed specificity (0.794) estimates, the similarity of
the summary ROC curves, and the relatively small width for
the CI for the AUC difference—suggest that that the two
groups have similar discriminatory ability and that the
observed higher sensitivity and lower specificity for
specialised-centre radiologists can be predominantly
attributed to specialised-centre radiologists being less
conservative in interpreting case images. The advantage of
comparisons based on the ROC curve is that ROC analysis
disentangles the inherent discriminatory capacity of the
reader from the particular level of conservatism at which
the reader is operating.>®

It is interesting to note that whilst hours of reading per
week was much higher in the specialised centre, the num-
ber of cases per year were similar. It is difficult to under-
stand fully why this discrepancy exists at this time, but
possible explanations are that in the specialised centre
either the reading time per case is higher or that the radi-
ologists in the non-specialised centre do not read lung
cancer cases every week. This will require further investi-
gation. Readers’ characteristics and practices, such as years
of experience, the number of chest CT examinations read,
and the time spent reading the scans, in addition to nodule
features, such as size and location, may affect the detect-
ability of the nodules.’’>°~#! This will be further investi-
gated in a future study as these features are critically
important when trying to optimise nodule detection.

Differences in methodologies used and metrics
measured make comparisons between studies difficult. In
previous literature, radiologist performance has been
described in a number of ways: some only reported
sensitivity,*~'°>” while others focused on AUC'*?%3233 and
specificity.”> Furthermore, the reported performances var-
ied according to the task asked of the readers: in a study by
Kang et al."” radiologists’ overall sensitivity and specificity
was 0.75 and 0.695, respectively, when searching for met-
astatic lung nodules, but a 0.34 sensitivity and 0.93 speci-
ficity for the lung metastatic osteosarcoma patients
compared with a 0.97 sensitivity and 0.33 specificity for the
lung metastatic non-osteosarcoma group.

Detection sensitivities depend on the nodule size
threshold used for detection: increasing the nodule size
threshold results in improved detection performance. In the
present study, a 3 mm nodule diameter was used as the

minimum size, whereas elsewhere®’ a higher nodule size
threshold of >5 and >7 mm in diameter led to higher
sensitivities of 0.78 and 0.85, respectively.

The CT protocol, acquisition, and reconstruction affect
radiologist’s performance. Using a thinner section thick-
ness, preferably <2.5 mm, with reconstruction intervals less
than or equal to the section thickness improves lung nodule
detection.*”** One study** assessed the influence of section
thickness on the ability of six radiologists to detect lung
nodules on low-dose CT, in which more nodules were
detected using the 2 mm section thickness than the 10 mm
section thickness chest CT. An earlier study”> demonstrated
an improved detection rate when using thin section by
analysing the interpretations and diagnostic confidence of
two radiologists while reviewing 100 chest CT
examinations.

One of the limitations of the majority of the previous
papers is that they have depended on expert radiologists to
define the pathological truth without necessarily having
either surgical or histological evidence. The use of only the
assessment of one or more expert readers to establish the
truth may be a questionable design, depending on the ex-
perts. In the present study, to overcome this limitation, the
reference standard for truth was histopathology results
indicating if a nodule was malignant.

Although a CAD system was not used in the present
study, according to a recent review of CAD and lung cancer
detection,*® the authors reported that CAD can potentially
assist radiologists by decreasing the rate of missed lung
nodules, reducing the time required to read CT examina-
tions, and measuring nodule growth thus facilitating
assessment of nodule progression. They also mentioned
that a major concern of using a CAD system is the high false-
positive rate, resulting from the CAD falsely identifying
either benign nodules or non-nodule structures as potential
malignancies; however, the performance of a CAD system
depends largely on the interaction between the radiologist
and the system*’“*® and the radiologist’s baseline perfor-
mance,* the latter being the focus of the present study.

If an annual low-dose CT lung cancer screening pro-
gramme is to be implemented, careful planning is required.
A successful screening programme depends on having
certified, multidisciplinary medical centres, guidelines for
the selection of population at risk, having a standard pro-
tocol for imaging high-risk patients, and nodule evaluation
and management, in addition to making sure that highly
performing readers are available. The present study creates
the first steps towards establishing a screening programme
in Jordan by establishing that radiologists in Jordan have a
lung detection performance comparable to that of experi-
enced radiologists in other studies.

The present study has some limitations. First, readers
were not given any information on patient medical history
and clinical history, which may have had an impact on the
eventual diagnosis. Second, although conclusions from the
present analyses generalise to the respective populations of
readers, they do not generalise to the respective population
of cases. That is, the conclusions generalise to the reader
populations, provided that they are reading the specific
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cases used in this study. Although it is generally preferable
to have conclusions generalise to both reader and case
populations, doing such an analysis with these data would
have resulted in even wider CIs, resulting in more ambig-
uous conclusions: there would be no significant results, and
ClIs would be too wide to make clinically meaningful con-
clusions. More importantly, the primary interest in the
present study was in the performance of the radiologists
when presented with a representative case sample. Thus
this is not considered to be a major limitation, and none of
the other studies cited in this paper generalise to both the
reader and case populations. Third, although reading time
was not measured to be correlated with readers’ perfor-
mances, it is acknowledged that it would be useful infor-
mation when planning to conduct a screening programme
in terms of resource allocation. In the current work, how-
ever, gathering timing data was not possible as reading took
place in an actual clinical setting, with constant in-
terruptions from medical consultations. Finally, the present
study provides the data needed for sizing a larger future
study that would generalise to both the reader and case
populations.

In conclusion, the results of the present study show that
radiologists in Jordan have a similar lung cancer detection
performance as demonstrated by the AUC and a higher
sensitivity to that demonstrated in other studies. Further-
more, the initial findings suggest that it may be feasible to
perform lung cancer screening in multiple non-specialised
locations.
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