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Purpose:  To assess  the  efficacy  of  the  developed  guideline  on  reading  CT  images  of malignant  pleural
mesothelioma  for improving  radiologists’  reading  proficiency.
Materials  and  Methods:  Three  radiologists  independently  read  the  CT  films  of  22  cases  including  definite
mesothelioma  and  non-mesothelioma  cases  at two  times  before  and  after  studying  the malignant  pleural
mesothelioma  CT Guideline.  The  sensitivity  and  specificity  for mesothelioma  were  calculated  and  com-
pared  between  the  1st  and  2nd  trials.  The  kappa  statistics  was  examined  for agreement  with  experts  for
mesothelioma  probability  and  for mesothelioma  features  recorded  by  three  radiologists.
Results:  After  studying  the mesothelioma  CT  Guideline,  the  sensitivity  for  mesothelioma  shown  by  the
three  radiologists  at  the  2nd  trial  was  100%,  100%  and  80%,  which  were  higher  than  80%,  85%  and  60%
at  the  1st trial,  respectively.  The  average  kappa  for agreement  between  radiologists  and  experts  on
dichotomized  mesothelioma  probability  were  0.69  (good)  at  the  2nd  trial  vs.  0.38  (fair)  at  the  1st  trial.
The  average  kappa  for  the  agreement  with  experts  for each  of 7 features  by three  radiologists  were
0.52–0.80  at  the  2nd  trial,  which  were  significantly  higher  than  0.34–0.58  at  the  1st  trial  (Wilcoxon
Please cite this article in press as: Zhou H, et al. Evaluation of the efficacy of t
with  reference CT films for improving the proficiency of radiologists. Eur J 

Signed  Rank  Test:  P < 0.01),  and  as to five  features  “unilateral  pleural  effusion”,  “nodular  pleural  thick-
ening”,  “tumoral  encasement  

achieved  good  agreement  with
Conclusion:  The  developed  mes
ing the  radiologists’  proficienc
diagnosis  of  mesothelioma.
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 average  kappa  of  0.61–0.80.
othelioma  CT Guideline  was suggested  to  have  substantial  effect  in improv-
y  for reading  CT  images  of mesothelioma,  and  may contribute  to  accurate
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. Introduction

The International Classification of HRCT for Occupational and Envi-
onmental Respiratory Diseases (ICOERD) was developed and used
or occupational diseases screening, epidemiology study, and clin-
cal study for respiratory diseases caused by occupational and
nvironmental factors [1].  In order to supply ICOERD, we have
eveloped the Guideline on Reading CT Films of Malignant Pleural
esothelioma (MPM-CT Guideline) and selected MPM  reference CT
lms [2].  The MPM-CT Guideline provides the terminology of MPM
T features and the MPM  probability, the judgment for MPM  in
erms of involvement distribution and severity, as well as a method
o record the CT finding of MPM  on the CT reading sheet. The pur-
ose of the current study was to investigate the efficacy of the
eveloped MPM-CT Guideline with the MPM  reference CT films
or improving the proficiency of the inexperienced radiologists in
eading CT images of MPM.

. Materials and methods

.1. Subject CT films

CT films of fifty seven cases including MPM,  lung cancer, other
alignancies, and benign pleural plaque were collected from the

itizens living in the neighborhood of the Kubota factory, a large
sbestos cement pipe factory in Amagasaki City, Hyogo Prefec-
ure, Japan. Their MPM  was  caused by environmental exposure to
sbestos (mainly crocidolite) air pollution from the Kubota asbestos
actory [3].

Out of the 57 cases, 22 cases including 20 definite MPM  cases
nd 2 pleural plaque cases were subjected to study. The MPM  cases
ere clinically diagnosed as MPM  at local hospitals and both patho-

ogically and immunohistochemically confirmed [4,5]. Among the
0 cases of MPM,  7 cases were female, and 13 cases were male. The
wo cases of pleural plaque were male.

Among the 20 MPM  cases, the diffuse type of MPM accounted
or 18 (90%), and the localized type for the other 2 cases (10%). The
umbers of the cases with MPM  CT features among 20 MPM  cases
y MPM  probability are shown in Table 1. The CT images of several
epresentative MPM  cases among the 20 MPM  cases are shown as
igs. 1–5.

.2. The MPM  reference CT films

The MPM  reference CT films and CT subject images were used
y radiologists only at the 2nd reading trial for comparison of the
ubjects’ CT findings with MPM  reference films. The ten typical
PM  features on the reference CT films included “unilateral pleu-

al effusion” (“ue”), “nodular pleural thickening” (“nt”), “interlobar
ssure thickening” (“it”), “mediastinal pleural thickening” (“mt”),
tumoral encasement of lung” (“te”), “calcified plaque engulf-
ent” (“pe”), “invasion” (iv”), “diminished lung” (“dl”), “contracted

emithorax” (“ch”) and “pleural mass” (“pm”). Each MPM  feature
as indicated by an arrow on the reference CT digital images and
ard-copied CT reference films. The CT images of typical MPM  fea-
ures are shown as in Fig. 1 through Fig. 9 in a parallel publication
2].

.3. CT reading trials of 22 cases by three radiologists

Three radiologists participated in independent reading of CT
Please cite this article in press as: Zhou H, et al. Evaluation of the efficacy of t
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lms. All of the radiologists had good proficiency and rich expe-
ience in reading CT for pneumoconioses. However, they had not
een many MPM  cases previously. Before achieving the 1st and 2nd
eading trials, they were blinded to the information of the patients’
 PRESS
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asbestos exposure history, and the clinical and histological diagno-
sis for any cases.

At the 1st CT reading trial, the three radiologists were requested
to read the monograph of ICOERD and the ICOERD CT reference
films, but not to read the MPM-CT Guideline nor the MPM  refer-
ence CT films, then they read the 22 subject CT films independently.
The CT findings associated with asbestosis were recorded according
to ICOERD guideline; the MPM  features and the MPM probability
grade for each case were recorded into the reading sheet according
to their experiences.

The interval between the 1st and the 2nd CT reading trials by
the three radiologists was at least three months. At the 2nd trial,
before reading the subject CT films, the three radiologists read the
ICOERD guideline with the ICOERD CT reference films again. They
also independently studied the MPM-CT Guideline with the MPM
reference CT films, and then independently read the 22 subject CT
films. They made use of the ICOERD CT reference films and the MPM
reference CT films to record the CT findings for pneumoconiosis, the
MPM  findings, and the MPM  probability grade in the CT reading
sheets.

2.4. Statistical analysis

According to the definition for the MPM  probability in the MPM-
CT Guideline [2],  Grade 1 was  negative for MPM,  no abnormal
findings on CT, or the abnormal findings of other diseases; Grade
2 was low probability of MPM;  Grade 3 was  moderate probabil-
ity of MPM;  Grade 4 was  high probability of MPM.  Sensitivity
for MPM  was  the proportion of cases for which MPM  probability
Grade ≥2 recorded by radiologists for each among the 20 MPM
cases. Specificity for MPM  was the proportion of cases for which
MPM probability Grade = 1 was recorded by individual radiologists
among the 2 non-MPM cases, shown as Table A in Supplemen-
tary Appendix.  The sensitivity and specificity for MPM  by the three
radiologists were calculated and compared between the 1st and the
2nd reading trials.

The weighted kappa for the agreement of the three individual
radiologists with the consensus by the four experts (K.G.H., M.A., H.
A., H. I.) on the 4-point scale MPM  probability was  calculated using
R-software version 2.14.1 (http://www.r-project.org/), as shown in
Table B in Supplementary Appendix.  The kappa for the agreement
on dichotomized MPM  probability was  calculated by stratifying
the cases with MPM  probability Grade 2, 3, 4 into one group, and
the cases with MPM  probability Grade = 1 into the other group, as
shown in Table C in the Supplementary Appendix.  The observed
agreement on dichotomized MPM  probability between radiologist
and experts was  also calculated. The calculation of kappa for the
agreement on MPM  CT feature between radiologist and experts is
shown as Table D in the Supplementary Appendix.  A kappa value
<0.20 was  considered as poor agreement, 0.21–0.40 was as fair
agreement, 0.41–0.60 was  as moderate agreement, 0.61–0.80 was
as good agreement, and 0.81–1.00 was as excellent agreement [6].
The kappa values for the 7 MPM  CT features by the three radiologists
between the 1st trial and 2nd trial were compared by 2-Related-
Samples Nonparametric Test (Wilcoxon Signed Rank Test).

3. Results

3.1. The MPM probability and the 7 MPM CT features among the
20 MPM cases
he guideline on reading CT images of malignant pleural mesothelioma
Radiol (2012), http://dx.doi.org/10.1016/j.ejrad.2012.05.022

The MPM  probability and the 7 MPM  CT features (7-MPM-CT
features) agreed by the four experienced experts for the 20 subject
cases of MPM  are shown as Table 1.

dx.doi.org/10.1016/j.ejrad.2012.05.022
http://www.r-project.org/
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Table  1
The number of cases with the 7-MPM-CT features among the 20 MPM  cases according to MPM  probability.

Cases with MPM  probability The number of cases with the MPM  feature

ue nt it mt  te iv dl

Grade = 1 (n = 0) 0 0 0 0 0 0 0
Grade  = 2 (n = 3) 0 1 0 0 0 2 0
Grade  = 3 (n = 7) 5 2 4 7 0 1 4
Grade = 4 (n = 10) 8 10 7 10 5 6 10
Total (n = 20) 13 (65%) 13 (65%) 11 (55%) 17 (85%) 5 (25%) 9 (45%) 14 (70%)

Fig. 1. A 52-year-old women  with diffuse epithelioid MPM.  CT scans show slight unilateral pleural effusion (A) and flat pleural thickening in the left hemithorax (B). According
to  the CT appearance, the MPM  probability was agreed as low probability Grade 2 at mild severity by experts.

Fig. 2. A 49-year-old man with biphasic MPM.  CT scans show interlobar fissure pleural thickening (“it”) at the left lung (A), and the left-side pleural mass with involvement of
chest  wall (B). According the CT appearance, the MPM  probability was agreed by experts as low probability Grade 2. The differential diagnosis for this case is mainly sarcoma.

F
(
s

Please cite this article in press as: Zhou H, et al. Evaluation of the efficacy of t
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ig. 3. A 68-year-old man  with localized sarcomatoid MPM. CT scan demonstrates a right-
A).  There is a pulmonary nodule on the left lung (B). This case was  agreed as MPM  of m
arcoma and secondly possible metastasis from other cancer.
he guideline on reading CT images of malignant pleural mesothelioma
Radiol (2012), http://dx.doi.org/10.1016/j.ejrad.2012.05.022

sided pleural mass invasion (“iv”) to the chest wall destroying rib structure (arrow)
oderate probability Grade 3 at advanced severity. The different diagnosis is firstly

dx.doi.org/10.1016/j.ejrad.2012.05.022
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Fig. 4. A 45-year-old man  with diffuse epithelioid MPM.  CT scan shows interlobar fissure pleural thickening (A), invasion to the tissue near to the vertebral column (“iv”)
(black  arrow) (A). There is unilateral pleural effusion (“ue”) (black arrow) on the right hemithorax, leading to the contracted hemithorax (“ch”) (B). Tumoral encasement of
lung  (“te”) involvement on the right hemithorax (C, D) and an implant metastasis lesion are observed on the chest wall of right lung (D). According the CT appearance, MPM
probability was agreed by experts as high probability Grade 4 at advanced severity. This is a typical MPM  case.

Fig. 5. A 58 year-old man  with diffuse desmoplastic MPM.  CT scan shows contracted hemithorax (“ch”) leading to the right hemithorax volume loss (A). There is interlobar
fissure  pleural thickening (“it”), together with unilateral pleural thickening (“ue”), causing the lung volume diminished (“dl”) (B). The involvement of tumoral encasement
of  lung (“te”) (C), nodular pleural thickening (“nt”) and mediastinal pleural thickening (“mt”) (black arrow) on the right hemithorax are observed (D). MPM  probability was
agreed  by experts as high MPM  probability Grade 4 at advanced severity. This is a typical MPM case.

dx.doi.org/10.1016/j.ejrad.2012.05.022
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Table  2
Agreement on dichotomized MPM  probability with 4 experts’ consensus and sensitivity and specificity for MPM  by three radiologists at the two trials.

Reader Reading trial Agreement with experts on
dichotomized MPM  probability

Sensitivity for MPM  Specificity for MPM

Radiologist 1 1st 18/22 (81.82%) 16/20 (80%) 2/2 (100%)
2nd 21/22 (95.45%) 20/20 (100%) 1/2 (50%)

Radiologist 2 1st 19/22 (86.36%) 17/20 (85%) 2/2 (100%)
2nd  22/22 (100%) 20/20 (100%) 2/2 (100%)
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Radiologist 3 1st 14/22 (63.64%) 

2nd  18/22 (81.82%) 

Among the 20 definite MPM  cases, the cases with MPM  proba-
ility Grade 2, Grade 3 and Grade 4 accounted for 3/20 (15%), 7/20
35%) and 10/20 (50%), respectively.

For the 3 cases with MPM  probability Grade 2, the cases
ith the feature “nodular pleural thickening” (“nt”) accounted for

/3(33.33%), and the cases with “invasion” (“iv”) accounted for 2/3
66.67%).

Among the 7 cases with MPM  probability Grade 3, the cases
ith feature “medialstinal pleural thickening” (“mt”) accounted

or 7/7 (100%), the feature of “unilateral pleural effusion” (“ue”)
ere present in 5/7 (71.43%), “interlobar fissure thickening” (“it”)

n 4/7 (57.14%), “diminished lung” (“dl”) in 4/7 (57.14%), “nt” in 2/7
28.57%), and “iv” in 1/7 (14.29%).

Among the 10 cases with MPM  probability Grade 4, the most
requently recorded features were “nt” in 10/10 (100%), “mt” in
00%, and “dl” in 100%. The cases with feature “ue” were in 80%,
it” in 70%, “iv” in 60%, and “tumoral encasement of lung” in 50%.

.2. The sensitivity and specificity for MPM  by three radiologists,
he agreement on MPM  probability by radiologists with experts

The sensitivity for MPM,  specificity for MPM  and observed
greement on the dichotomized MPM  probability by 3 radiologists
t two times of CT readings before and after studying the MPM-CT
uideline are shown as in Table 2.

The sensitivity for MPM  by the three radiologists at the 2nd trial
as 100%, 100% and 80%, which was higher than 80%, 85% and 60%,

espectively at the 1st reading trial. The observed agreements on
ichotomized MPM  probability by radiologists were increased at
he 2nd trial compared with those at the 1st trial.

The values of weighted kappa for the agreement of MPM  prob-
bility on the 4-point scale by three radiologists with experts were
ncreased at the 2nd trial, compared with those at the 1st trial, as
hown in Table 3.

The weighted kappa values for the agreement with experts on
-point scale MPM  probability by three radiologists were 0.32, 0.51
nd 0.37 at the 2nd trial vs 0.24, 0.48 and 0.29 at the 1st trial,
espectively. The kappa value for inter-reader agreements on the
ichotomized MPM  probability between radiologists and experts
Please cite this article in press as: Zhou H, et al. Evaluation of the efficacy of t
with  reference CT films for improving the proficiency of radiologists. Eur J 

t the 2nd reading trial were 0.65 (good), 1 (excellent) and 0.42
moderate), respectively, which were significantly higher than 0.42
moderate), 0.51 (moderate) and 0.21 (fair) at the 1st trial, respec-
ively. The average kappa for the agreement on dichotomized MPM

able 3
greement on 4-point scale MPM  probability and dichotomized MPM  probability betwee

Reader 4-scale MPM probability Kw (95% CI) 

1st trial 2nd trial

Radiologist 1 0.24 (−0.06, 0.54) 0.32 (0.0
Radiologist 2 0.48 (0.19, 0.76) 0.51 (0.2
Radiologist 3 0.29 (0.04, 0.53) 0.37 (0.1

Weighted kappa Mean(SD) 0.34 (0.13) 0.40 (0.1
12/20 (60%) 2/2 (100%)
16/20 (80%) 2/2 (100%)

probability between radiologists and experts were 0.69 (good) at
the 2nd trial vs 0.38 (fair) at the 1st trial, which seemed to show an
upgrading in reading skill.

3.3. The agreement on MPM  features between radiologists and
experts

The results of the agreements for the recorded MPM  features
between the three radiologists and experts are shown as in Table 4.

For radiologist 1, the agreement with experts for 6 features “uni-
lateral pleural effusion” (“ue”), “nodular pleural thickening” (“nt”),
“interlobar fissure thickening”(“it”), “mediastinal pleural thicken-
ing” (“mt”), “invasion” (“iv”) and “diminished lung” (“dl”) at the
2nd reading trial was  better compared with those at the 1st trial.
The agreement for feature “ue” and “nt” at the 2nd trial was  good
(kappa = 0.62 and 0.61, respectively). The agreement for feature
“tumoral encasement of lung” (“te”) at the 2nd trial was excellent
to the same extent as that at the 1st trial (kappa = 0.86). The agree-
ment with experts on 3 features (“mt”, “iv” and “dl”) was  markedly
increased to excellent (kappa > 0.8) at the 2nd trial.

For radiologist 2, the kappa values for the agreement with
experts were increased for 5 features (“ue”, “nt”, “mt”, “te” and
“dl”) at the 2nd trial in comparison with those at the 1st trial.
The kappa values for the features “ue”, “nt” and “te” showed good
agreement with experts (kappa > 0.6), and “mt” and “dl” showed
excellent agreement (kappa > 0.8). The kappa values for the feature
“it” and “iv” was 0.55 and 0.51 at the 2nd trial, which were lower
than 0.73 and 0.61 at the 1st trial, respectively.

For the radiologist 3, the kappa values for 5 features (“nt”, “mt”,
“te”, “iv” and “dl”) were increased at the 2nd trial in comparison
with the 1st trial. The feature “nt” and “te” shows good agreement
with expert (kappa = 0.64 and 0.77, respectively). The kappa value
for the feature “it” at the 2nd trial was equal to that one at the 1st
trial. The kappa value for the feature “ue” (0.49) at the 2nd trial was
lower than at the 1st trial (0.65).

The average kappa values of 7 MPM  CT features at the 2nd trial
by the three radiologists were significantly increased in compar-
ison with the 1st trial, and the six features “ue”, “nt”, “mt”, “te”
and “dl” showed good agreement between radiologists and experts
he guideline on reading CT images of malignant pleural mesothelioma
Radiol (2012), http://dx.doi.org/10.1016/j.ejrad.2012.05.022

(kappa > 0.60).
Table 5 shows that the kappa values for the agreement on the

7 MPM  CT features by the three radiologists with experts were
significantly higher than those at the 1st trial.

n radiologist and experts in terms of weighted kappa.

Dichotomized MPM  probability Kw (95% CI)

 1st trial 2nd trial

6, 0.58) 0.42 (−0.09, 0.93) 0.65 (−0.03, 1)
4, 0.78) 0.51 (−0.01, 1) 1
2, 0.62) 0.21 (−0.22, 0.65) 0.42 (−0.09, 0.93)

0) 0.38(0.15) 0.69(0.29)

dx.doi.org/10.1016/j.ejrad.2012.05.022
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Table 4
Agreement for the recorded MPM  CT features between radiologists and experts by kappa statistics.

Reader Reading trial Experts

ue nt it mt  te iv dl

Radiologist 1 1st 0.32 0.35 0.36 0.20 0.86 0.25 0.49
2nd 0.62 0.61 0.55 0.88 0.86 0.81 0.80

Radiologist 2 1st 0.65 0.31 0.73 0.68 0.60 0.61 0.73
2nd 0.72 0.70 0.55 1 0.77 0.51 0.90

Radiologist 3 1st 0.65 0.37 0.45 0.39 0.28 0.25 0.17
2nd 0.49 0.64 0.45 0.47 0.77 0.49 0.57

All  radiologists 1st 0.54 0.34 0.51 0.42 0.58 0.37 0.46
Mean  (SD) (0.19) (0.03) (0.19) (0.24) (0.29) (0.21) (0.28)

All radiologists 2nd 0.61 0.65 0.52 0.78 0.80 0.60 0.76
Mean(SD) (0.12) (0.05) (0.06) (0.28) (0.05) (0.18) (0.17)

Note: 1st and 2nd indicates the 1st CT reading trial and the 2nd CT reading trial, SD = standard deviation of kappa values.

Table 5
Comparative analysis for the kappa values for the agreement with experts on the 7 MPM  CT features by all three radiologists between the two reading trials by means of
2-Related-Samples Nonparametric Test (Wicoxon Signed Rank Test).

Kappa 2–Kappa 1* Number of pairs Mean rank Sum of ranks P

Negative ranksa 3 4.67 14 <0.01
Positive ranksb 16 11 176
Tiesc 2

Total 21

Note: *Kappa 2: kappa value for the agreement by three radiologists with expert on the 7 features recorded at the 2nd reading trial. Kappa 1: kappa value for the agreement
by  three radiologists with expert on the 7 features recorded at the 1st reading trial.

a Kappa 2 < Kappa 1.
b Kappa 2 > Kappa 1.
c Kappa 2 = Kappa 1.
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. Discussion

With the development of modern technology, CT scans have
ow become routine clinical practice for detecting pleural abnor-
alities in patients. The diagnosis of MPM  is usually based on

he combination of occupational history, physical and laboratory
xamination, radiology and the thoracic pathology. CT findings
re important to provide the clue in the diagnosis of MPM  before
ny invasive biopsy procedures take place. Diagnosis of MPM
t the early stage may  enable patients to obtain a better out-
ome with multiple modality therapy including extensive surgery,
hemotherapy, and radiotherapy, which may  offer increases in sur-
ival time and the life quality for MPM  patients [7].

The MPM-CT Guideline was developed by the international
xperts’ efforts [2].  The Guideline provided a standardized way  for
hysicians to record CT findings on subject CT films with the assis-
ance of the MPM  reference CT films with typical MPM  features.
hese allow the physicians to make appropriate judgments for the
PM  probability, which is determined by the overall impression

f the CT findings as a whole and comprehensive evaluation on CT
ndings being consistent or inconsistent with MPM  features, the
everity of the diseases, and the distribution of MPM  involvement.

Among the 20 definite MPM  cases in the current study, the
ostly seen features in the number were “mediastinal pleural

hickening” (“mt”) (85%), and then were “diminished lung” (“dl”)
70%), the “unilateral pleural effusion” (“ue”) (65%), “nodular pleu-
Please cite this article in press as: Zhou H, et al. Evaluation of the efficacy of t
with  reference CT films for improving the proficiency of radiologists. Eur J 

al thickening” (“nt”) (65%) and “interlobar fissure thickening” (“it”)
55%). The cases with “invasion” accounted for 45%. Most of the 7
eatures are suggestive of MPM  to somewhat through quite extent
nd frequently common on the CT images of MPM  [8].
The relationship between the MPM  probability and the number
of 7-MPM-CT features in each case was investigated. Among the
20 MPM  cases, those cases with the high MPM  probability (Grade
3, 4) were found to have more of 7-MPM-CT features. It was sug-
gested that the more features observed on the CT, the higher MPM
probability for the case determined, presenting with a positive cor-
relation. The severity in association with the feature may  be the
second reason related with probability of MPM.  When the fea-
tures are at severe disease stages, the cases may  have high MPM
probability, even with only a few features of these.

The relatively high prevalence and frequency of “unilateral pleu-
ral effusion” in MPM  is of major diagnostic importance [9].  At
the early stage of MPM,  irrespective of normal-appearing pleura,
“unilateral pleural effusion” can be the only finding. The main
mechanism of pleural fluid formation in malignancy is lymphatic
obstruction. For the cases with pleural effusion and a history of
asbestos exposure, MPM  should be considered and further investi-
gation should be conducted [10].

There were two  features listed in the MPM-CT Guideline “con-
tracted hemithorax” (“ch”) and “pleural mass” (“pm”) not included
in the current comparative analysis, because these two features
were later added at the 2nd workshop to the proposed MPM-CT
Guideline. The two  features are crucial and helpful to make diag-
nosis of MPM.  Solitary masses may  occur at the early stage, while
multiple masses are more common at later stages [11]. MPM  tend
to spread along the pleural surface in a “sheet-like” fashion [12]. In
he guideline on reading CT images of malignant pleural mesothelioma
Radiol (2012), http://dx.doi.org/10.1016/j.ejrad.2012.05.022

CT images with feature “ch”, the involved hemithorax is noticeably
contracted from a comparison with that in the contralateral lung.

The current study showed that after studying the MPM-CT
Guideline, the sensitivity for MPM  by all three radiologists was

dx.doi.org/10.1016/j.ejrad.2012.05.022
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ncreased at the 2nd trial compared with those at the 1st trial. For
he 1st radiologist, although the specificity for MPM  at the 2nd trial
as lower than at the 1st trial, the observed agreement for the MPM
robability was increased to 95.45% at the 2nd trial vs 81.82% at the
st trial.

Kappa is affected by prevalence of the finding under observation
13,14]. In the current study, the proportion of the non-MPM cases
mong total case was only in 10%, and many cases (50%) had MPM
robability Grade 2 or Grade 3, which had great variances between
eaders. Therefore the weighted kappa on 4-scale MPM  probability
roved to be low. However, the analysis with the dichotomized
PM probability showed that two radiologists obtained good and

xcellent agreements, i.e., kappa = 0.65 and 1, respectively. The 3rd
adiologist had achieved moderate agreement with kappa 0.42 on
ichotomized MPM  probability at the 2nd trial vs kappa 0.21 at the
st trial.

The kappa statistics showed that good through to excellent
greements with experts by two of the three radiologists were
btained at the 2nd trial for 5 and 6 features, respectively. For the
adiologist 3, there were 5 features including “nt”, “mt”, “tumoral
ncasement of lung” (“te”), “invasion” (“iv”) and “dl” with increased
greements with experts at the 2nd trial compared with those at
he 1st trial. Compared with those at the 1st trial, the average kappa
alues of 7 features by the three radiologists were increased at the
nd trial, in which the five features, i.e., “ue”, “nt”, “mt”, “te” and
dl”, showed good agreement with experts. Wicoxon Signed Rank
est showed that the kappa values for the agreement on the 7 MPM
T features between the three radiologists and experts were sig-
ificantly higher than those at the 1st trial. These revealed that the
adiologists had made improvement in recognition of the MPM  CT
eatures at the 2nd trial compared with the 1st trial.

Compared to the other features in the 20 MPM  cases, the agree-
ent with experts in the feature “invasion” was  relatively lower.
t the 2nd trial, the kappa for “invasion” was 0.51 by the 2nd radi-
logist and 0.49 by the 3rd radiologist, respectively. This implied
hat the feature “invasion” was difficult to identify compared to
he other MPM  features. One reason may  be its frequent coexis-
ence with other features that the appearance of this feature may
ecome less notable. The severity of the invasion to the lung struc-
ure may  be the second reason. If it was less severe, “invasion” may
ot be easy to identify. This feature of “invasion” is quite suggestive
f malignancy. This feature overlaps with metastasis of other carci-
oma [15], while the other malignancy also has lung parenchymal

nvolvement.
The average kappa for the agreements between radiologists and

xperts on feature “interlobar fissure thickening” was  0.51 and 0.52
t the 1st and 2nd trials, respectively, which were lower than those
f other features. The reason may  be ascribed to the fact that “inter-
obar fissure thickening” in some cases is so slight that it may  easily
e neglected. The feature “interlobar fissure thickening” reflects
umor growth along the interlobar spaces, and may  represent one of
he earliest significant MPM  features, which is seen less frequently
n other malignancies or in benign pleural diseases [16].

The CT findings in MPM  are not pathognomonic because simi-
ar findings may  be found in metastatic carcinoma. Nevertheless,
hey are characteristic. The MPM  features can provide valuable
nformation to make a diagnosis of MPM.  By identifying the MPM
eatures on CT images, clinicians can recognize MPM  [17]. It will be
elpful for occupational physicians during the occupational disease
creening in health surveillance for workers.

One limitation of the study was that there were only two non-
PM  cases with pleural plaque. This may  affect the specificity for
Please cite this article in press as: Zhou H, et al. Evaluation of the efficacy of t
with  reference CT films for improving the proficiency of radiologists. Eur J 

PM.  Despite the limitation, the results of the comparative study
howed that all three radiologists had improved their sensitiv-
ty for MPM  after studying the MPM-CT Guideline. Two of them
ad obtained either good or excellent agreements with experts
 PRESS
adiology xxx (2012) xxx– xxx 7

in identifying most of features at the 2nd trial. These suggested
that reliability of the Guideline and the MPM  reference CT films
to improve the reading proficiency of the radiologists may  be vali-
dated.

5. Conclusions

The current study suggested that the three radiologists
improved the proficiency in diagnosis for MPM  by identifying of
MPM  CT features after studying the MPM-CT Guideline with ref-
erence MPM  CT features. The MPM-CT Guideline and reference CT
films may  act as good tool to facilitate physicians in recognition
of MPM  features and contribute to early diagnosis of MPM  in the
health surveillance.
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