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A B S T R A C T

Objective: There are several prognostic indices (PIs) to predict overall survival (OS) in malignant pleural me-
sothelioma (MPM) patients. Before using a clinical prediction model in the actual clinical setting, empiric
evaluation of its performance based on datasets that were not used to develop the model (i.e., external vali-
dation) is essential. The purpose of this study was to conduct an external validation of the PIs for MPM.
Materials and methods: A retrospective cohort study was performed on MPM patients treated at 2 tertiary hos-
pitals in Japan between 2007 and 2015. The primary outcome was OS. Harrell’s c-index, and was calculated to
examine the discrimination of three models. The bootstrapping technique was used to evaluate optimism.
Results: The participants comprised 183 patients who underwent surgical treatment (n = 61), chemotherapy
(n = 101), and best supportive care (BSC, n = 21). The median OS rates were 1014 days for surgery, 690 days
for chemotherapy, and 545 days for best supportive care (BSC). The respective discriminations (95% confidence
interval) of the Eastern Cooperative Oncology Group Performance Status, the European Organisation for
Research and Treatment of Cancer index, regimen, PS, histology or stage (rPHS) index, and Tagawa index for the
OS of MPM patients were 0.532 (0.444–0.620), 0.560 (0.472–0.648), 0.584 (0.452–0.716), and 0.525
(0.453–0.596) for surgery; 0.632 (0.539-0.724), 0.622 (0.548–0.696), 0.677 (0.587–0.766), and 0.545
(0.436–0.653) for chemotherapy; and 0.504 (0.365–0.644), 0.583 (0.456-–0.710), 0.704 (0.508–0.899), and
0.583 (0.436–0.730) for BSC.
Conclusions: Each PI showed poor discrimination for MPM patients who underwent surgical treatment. The rPHS
index showed moderate discrimination for patients given chemotherapy and BSC.

1. Introduction

Malignant pleural mesothelioma (MPM) is a relatively rare cancer
[1], a great majority of which are due to asbestos exposure [2]. Al-
though the use of asbestos has been banned, the global incidence of
MPM has been increasing because of its long latency [3]. Moreover,
MPM remains a fatal disease despite recent advances in treatment
[4–6]. Majority of patients receive palliative chemotherapy or best
supportive care (BSC) [7].

In palliative care, estimation and discussion of prognosis is im-
portant [8]. For that purpose, we previously developed a prognostic
index (PI) based on variables in usual care for overall survival (OS) of
MPM patients treated with chemotherapy or BSC [9]. Before using a
clinical prediction model in the actual clinical setting, empiric evalua-
tion of its performance based on datasets that were not used to develop
the model (i.e. external validation) is essential [10]. The limited sample
size in the past study did not allow us to conduct external validation
[9].
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In this current study, we aimed to evaluate the predictive perfor-
mance of our index, the Eastern Cooperative Oncology Group
Performance Status (PS), and 3 other PIs that use variables in usual care
in an independent cohort [9,11–13].

2. Materials and methods

2.1. Study design and patients

We followed the statement of the Transparent Reporting of a
Multivariable Prediction Model for Individual Prognosis or Diagnosis
[14] during all stages of study design, implementation, and reporting.
This was a retrospective cohort study on all patients who received
chemotherapy or BSC from April 2013 to March 2015 and surgical
treatment from April 2007 to March 2015 for histologically proven
MPM at either one of 2 tertiary hospitals in the South Hanshin medical
region, which was an area with high MPM incidence in Japan [15,16].
Patients who had more than one cancer, those who were diagnosed by
autopsy, and those who received chemotherapy or radiotherapy before
a definite diagnosis of MPM were excluded. Demographic data and
prognostic factors were obtained from chart review.

2.2. Prognostic indices

The Eastern Cooperative Oncology Group Performance Status (PS) is
well known prognostic factor for MPM [11,17]. PS is categorical vari-
able defined as follows: zero means fully active, one means restricted in
physically strenuous activity, two means ambulatory and capable of all
selfcare but unable to carry out any work activities, three means cap-
able of only limited selfcare, four means completely disabled, and five
means dead respectively [11].

The European Organization for Research and Treatment of Cancer
(EORTC) index was developed based on populations from five pro-
spective phase II clinical trials that were designed to assess the efficacy
of various anticancer drugs for MPM [12]. The index used 5 variables to
predict OS: white blood cell count, PS, probable or possible histologic
diagnosis, histologic subtype, and gender. Patients were divided into 2
groups according to the total score.

The regimen, PS, histology, or stage (rPHS) index was developed
based on populations of 2 hospitals that covered one medical region,
but excluded patients who received surgical therapy [9]. To predict OS,
the index used 4 variables, including regimen [e.g., platinum deriva-
tive, pemetrexed (PEM), or others]; PS; histologic subtype; and the
International Mesothelioma Interest Group (IMIG) stage. Patients were
divided into 5 groups according to the total counts of the variables.

The Tagawa score was developed from a population of patients who
underwent extrapleural pneumonectomy (EPP) for MPM at 3 hospitals
[13]. The index used the variables sex and platelet-to-lymphocyte ratio.

Patients were divided into 3 groups according to the total score.

2.3. Primary outcomes measurement

The primary outcome was OS, which was previously defined as the
time interval between diagnosis and death. Patients who did not die or
who were lost to follow-up were censored on the date that they were
last known to be alive before September 30, 2015 [9].

2.4. Statistical analyses

OS was estimated using the Kaplan–Meier method. Calibration
curves showing agreement between observed and predicted outcomes
were drawn. Harrell’s c-index was used to assess discrimination of the
model [18]. The bootstrapping technique was used to obtain the 95%
confidence interval (for 500 replications [19]). We used Stata® ver. 13.1
(Stata Corp., College Station, TX, US). P values of less than 0.05 were
considered to indicate statistical significance.

2.5. Ethical considerations

This study was performed according to the Declaration of Helsinki
and the Ethical Guidelines for Medical and Health Research Involving
Human Subjects by the Japanese Ministry of Health, Labour and
Welfare. The protocol for the study was approved by the ethics com-
mittees of two hospitals, which granted a waiver for consent. The
protocol was registered in the University Hospital Medical Information
Network Clinical Trials Registry with the number: UMIN000018143.

3. Results

3.1. Validation cohorts

This study included 183 MPM patients. The details of the recruit-
ment are shown in Fig. 1. Among patients under 75 years of age, 100%
underwent surgery, 81.2% received chemotherapy, and 52.4% were
given BSC. Among patients with PS 0, 55.7% underwent surgery, 29.7%
received chemotherapy, and 14.3% were given BSC (Table 1). The
survival curves for each treatment group are shown in Fig. 2. The
median OS after surgery, chemotherapy, and BSC were 1014 days, 690
days, and 545 days, respectively.

3.2. External validation

3.2.1. Calibration
The survival curves according to the PI for each treatment group are

shown in Fig. 3. Each curve showed good agreement between observed
and predicted survival. PS showed separate observation curves for

Fig. 1. Study flow chart.
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chemotherapy, but not for surgical treatment and BSC. The EORTC
index showed separate observation curves for all treatment modalities.
The rPHS index showed separate observation curves for chemotherapy
and BSC, but not for surgery. The Tagawa index showed overlapping
observation curves for all modalities.

3.2.2. Discrimination
The discrimination data are shown in Table 2 and Table 3. Each PI

showed poor discrimination for surgery. The rPHS index showed

moderate discrimination for both chemotherapy and BSC. The dis-
crimination of rPHS index were consistently better than other PIs, but
the differences were not statistically significant.

4. Discussion

We conducted external validation of PS and 3 PIs for MPM in a
hospital-based cohort.

This present study has three strengths. First is the performance of
external validation itself, which is not done often [14]. Evaluating the
performance of a newly developed prediction model based on a cohort
that is different from the one used to develop the model is strongly
recommended in order to avoid over fitting. This study showed con-
sistent discrimination of the PS, the EORTC index and the rPHS index,
but not of the Tagawa score.

The EORTC index was externally validated in several reports
[9,20–22]. When we evaluate the performance of prognostic model,
quantification is important [14]. In all prediction model reports it is
recommended to reported calibration and discrimination which are
performance measures [14]. In previous reports the difference of OS
between better and worse group were reported, but summary statistics
of discrimination (ie. c-index) were not reported [20–22], except for
one report [9]. The point estimate of the c-index was 0.569 for the
chemotherapy group [9], which is worse than this study. For the dif-
ference between the participants, PS (1 ≦ 77.6% vs. 69.3%), and his-
tology (non-epithelial 34.7% vs. 20.8%) are better for this study. The
difference of c-index may be due to the better general condition in this
study. In addition only Fennel et al. reported calibration plots [21]. The
poor discrimination of Tagawa score may have been due to a different
population from that of the development cohort. In our cohort contains
not only EPP, but also pleurectomy decortication (PD).

The second strength of this study is the low proportion of missing
data. In fact, there was only 1 patient in the chemotherapy group with
unknown PS. This strengthened confidence in our results.

Third, the data used in this study are relatively recent. Due to the
rarity of the disease, many previous studies on MPM patients designed a
prolonged inclusion period [17–19]. For this study, the cohort was
chosen after PEM was approved in Japan and represented recent
practice. The detail of re-calibration of data are shown in the Supple-
mentary materials.

This study has three limitations. The first is the poor discrimination
for surgical treatment. The 3 indices used in this study don’t include
several prognostic factors, such as co-morbidities, post-operative com-
plications, and tumor volume before chemotherapy, for MPM patients

Table 1
Characteristics of the study population.

Surgical
therapy
(N = 61)

Chemotherapy
(N = 101)

BSC (N = 21)

Age (years) < 75 61 (100) 82 (81.2) 11 (52.4)
≥75 0 (0) 19 (18.8) 10 (47.6)

Gender Female 8 (13.1) 15 (14.9) 6 (28.6)
Male 53 (86.9) 86 (85.1) 15 (71.4)

Smoking history Never 17 (27.9) 20 (19.8) 6 (28.6)
Current/
ever

42 (68.8) 78 (77.2) 14 (66.6)

Unknown 2 (3.3) 3 (3.0) 1 (4.8)
PS 0 34 (55.7) 30 (29.7) 3 (14.3)

≥1 27 (44.3) 70 (69.3) 18 (85.7)
Unknown 0 (0) 1 (1.0) 0 (0)

WBC count
(/micro
liter)

< 8300 47 (77.1) 72 (71.3) 13 (61.9)

≥8300 14 (23.0) 29 (28.7) 8 (38.1)
PLR <21.5 44 (72.1) 54 (53.5) 10 (47.6)

≥21.5 17 (27.9) 47 (46.5) 11 (52.4)
Histologic type Epithelial 50 (82.0) 80 (79.2) 9 (42.9)

Non-
epithelial

11 (18.0) 21 (20.8) 12 (57.1)

Stage I to III 61 (100) 72 (71.3) 13 (61.9)
IV 0 (0) 29 (28.7) 8 (38.1)

Chemotherapy
regimen

Platinum
plus PEM

46 (75.4) 101 (100) 0 (0)

Without
platinum
plus PEM

15 (24.6) 0 (0) 21(100)

Procedure PD 13 (21.3)
EPP 45 (73.8)
Other 3 (4.9)

Values are presented as frequency (%).
BSC, best supportive care; PS, the Eastern Cooperative Oncology Group Performance
Status; WBC, white blood cell; PLR, platelet/lymphocyte ratio; PEM, pemetrexed; PD,
pleurectomy decortication; EPP, extra-pleural pneumonectomy.

Fig. 2. Kaplan–Meier survival curve for each treatment modality.
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treated by surgery [20,21]. The second is the moderate discrimination
of the rPHS index for both chemotherapy and BSC. The next step to
improve discrimination of the PI should incorporate several prognostic
biomarkers, such as fibrin-3, mesothelin, or merlin, at the time of di-
agnosis [23,24,28,29]. The third limitation is sample size. As shown in
Table 3, the difference in c-index are not statistically significant. We
divided subgroups according to the treatment to avoid confounding by
indication [30]. Since point estimation of c-index are not so differed
from previous reports, this study may be underpowered to detect the
difference. Further investigation using larger cohort is warranted.

The Cancer and Leukemia Group B (CALGB) prognostic index [31]
is well known prognostic index for the MPM. Our cohort doesn’t have
detailed pre-existing symptom data (ie. Chest pain and > 5% loss of
body weight in the past 6 months) because of the retrospective nature
of the design. There should be another study to compare the perfor-
mance of the rPHS index with the CALGB index.

We believe that our findings can be applied to the general

population because the 3 hospitals included encompassed an entire
medical region. Therefore, the participants in this study were likely
representative of patients with MPM.

5. Conclusions

In conclusion, we conducted external validation of PS and three
MPM PIs. Further updating is necessary for the individual prediction.
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Fig. 3. Calibration of Kaplan-Meier survival curves.
Vertical axes are survival probability. Horizontal axes are survival days.
BSC, best supportive care; PS, the Eastern Cooperative Oncology Group Performance Status; EORTC, European Organisation for Research and Treatment of Cancer; rPHS, regimen,
performance status, histology, or stage.

Table 2
The c-index of the prognostic indices for each treatment modality.

PS EORTC rPHS Tagawa

Surgical treatment (N = 61) 0.532 (0.444–0.620) 0.560 (0.472–0.648) 0.584 (0.452–0.716) 0.525 (0.453–0.596)
Chemotherapy (N = 101) 0.632 (0.539–0.724) 0.622 (0.548–0.696) 0.677 (0.587–0.766) 0.545 (0.436–0.653)
BSC (N = 21) 0.504 (0.365–0.644) 0.583 (0.456–0.710) 0.704 (0.508–0.899) 0.583 (0.436–0.730)

Values are presented as prognostic index (95% confidence interval).
BSC, best supportive care; PS, the Eastern Cooperative Oncology Group Performance Status; EORTC, European Organisation for Research and Treatment of Cancer; rPHS, regimen,
performance status, histology, or stage.

Table 3
The c-index difference of the prognostic indices for each treatment modality.

PS EORTC rPHS Tagawa

Surgical treatment (N = 61) −0.052 (−0.186 to 0.081) −0.246 (−0.158 to 0.109) Rerefence −0.060 (−0.217 to 0.098)
Chemotherapy (N = 101) −0.045 (−0.139 to 0.049) −0.055 (−0.150 to 0.041) Rerefence −0.132 (−0.275 to 0.011)
BSC (N = 21) −0.199 (−0.432 to 0.034) −0.120 (−0.316 to 0.755) Rerefence −0.120 (−0.366 to 0.125)

Values are presented as prognostic index (95% confidence interval).
BSC, best supportive care; PS, the Eastern Cooperative Oncology Group Performance Status; EORTC, European Organisation for Research and Treatment of Cancer; rPHS, regimen,
performance status, histology, or stage.

Y. Kataoka et al. Lung Cancer 113 (2017) 88–92

91



Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.lungcan.2017.09.012.
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