
Abstract. Aim: The aim of the present study was to assess
the prognostic utility of the pretreatment blood neutrophil-
to-lymphocyte ratio (NLR) and the C-reactive protein-to-
albumin ratio (CAR) in patients with inoperable malignant
pleural mesothelioma (MPM). Materials and Methods: The
medical records of consecutive patients with histologically
confirmed MPM from our hospital between January 2007
and August 2017 were retrospectively reviewed. The primary
outcome was overall survival (OS). Univariate and
multivariate analyses for the prognostic factors were
performed using a Cox proportional hazards model. Results:
A total of 143 patients with inoperable MPM were included.
On multivariate analysis, pretreatment CAR was an
independent factor associated with worse OS (hazard
ratio(HR)=1.72; 95% confidence interval(CI)=1.11-2.67;
p=0.016). However, NLR was not associated with OS in any
of the analyses. Conclusion: CAR appears to be a prognostic
factor in patients with inoperable MPM.

Malignant pleural mesothelioma (MPM) is a highly
aggressive tumor that is associated with asbestos exposure
(1). Most patients present with unresectable disease due to
their advanced age or underlying comorbidities (2). Although
platinum-based palliative chemotherapy in combination with
pemetrexed has been approved as a first-line therapy for
patients with inoperable MPM, the median overall survival
(OS) of patients remains very poor (9 months) (3). A short-

life expectancy in conjunction with potential side-effects and
only modest survival benefit from the currently available
palliative chemotherapy leads to the importance of a case-
by-case risk-benefit assessment before treatment is begun
(4). Therefore, the identification of prognostic determinants
is important when deciding the treatment plan for patients
with inoperable MPM.

It is known that the systemic inflammatory response plays
an important role in the development and progression of
various cancer types, and it has been reported that one
inflammation-related biomarker, the blood neutrophil-to-
lymphocyte ratio (NLR), is useful for predicting the
prognosis of patients with cancer (5). It has also been
suggested that chronic inflammation due to asbestos
exposure plays a critical role in the development and
progression of MPM, and previous studies reported that NLR
was a good prognostic factor for predicting OS in patients
with MPM (4, 6-8).

On the other hand, another inflammation-related
biomarker, the blood C-reactive protein (CRP)-to-albumin
ratio (CAR), has also been reported to be a good prognostic
factor in various cancer types (9-15). In some of these
studies, CAR and NLR were assessed simultaneously, and
both of them were reported to be prognostic factors for OS
in patients with operable non-small cell lung cancer and
those with unresectable metastatic colorectal cancer (9, 11).
However, in other types of cancer (metastatic
nasopharyngeal carcinoma, surgical renal cell carcinoma,
surgical gastric cancer), CAR was found to be an
independent prognostic factor for OS, while NLR was not
(10, 12, 13). As for MPM, as far as we are aware, only one
study reported the prognostic utility of CAR (16), and no
previous study has compared the prognostic utility of CAR
and NLR.

In this study, the aim was to assess the prognostic utility
of pretreatment NLR and CAR in patients with inoperable
MPM. In addition, as a subgroup analysis, the prognostic
utility of these two biomarkers was evaluated in patients with
inoperable MPM who received palliative chemotherapy.
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Materials and Methods

Study design. A retrospective study was performed at our hospital
(700-bed teaching hospital in Amagasaki City, Japan). This
retrospective study was in accordance with the The Strengthening the
Reporting of Observational Studies in Epidemiology statement (17)
and was approved by the Institutional Review Board of Hyogo
Prefectural Amagasaki Medical Center (approval number 29-122). All
procedures performed in this study were in accordance with the
ethical standards of the institutional and national research committees
and with the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The Institutional Review Board of our
hospital waived the need for informed consent from patients involved
in this study because of its retrospective design.

Patients, data collection, and definitions. The medical records of
consecutive patients with histologically-confirmed MPM between
January 2007 and August 2017 in our hospital were reviewed.
Patients with MPM who underwent surgical treatment were excluded
from this study as were patients who had active inflammatory
disease (such as rheumatoid arthritis) or infection at the time of
MPM diagnosis. Patients who were treated by chemotherapy or
radiotherapy before the histological diagnosis of MPM, patients with
MPM confirmed by autopsy, patients who had entered a clinical trial,
patients with insufficient follow-up periods (patients with a follow-
up period of less than 1 month after the diagnosis of MPM or who
had received treatment at other hospitals after the diagnosis of MPM)
were also excluded. The included patients were divided into two
groups, those who had received palliative chemotherapy and those
who had received best supportive care.

Skilled pathologists had confirmed the histological diagnosis of
MPM, using immunostaining such as for calretinin, cytokeratin 5/6,
carcinoembryonic antigen, thyroid transcription factor-1, and
epithelial membrane antigen. Histological types of MPM were
classified as epithelioid and non-epithelioid (7). The stages of MPM
were classified according to the International Mesothelioma Interest
Group (IMIG) staging system (18), with classes I and II in one
group, and classes III and IV in another group (4).

Clinical variables (age, sex), laboratory data at the time of MPM
diagnosis, first-line chemotherapy, and Eastern Cooperative Oncology
Group performance status (PS) were obtained from the medical
records. The NLR was calculated by dividing the serum neutrophil
count by the serum lymphocyte count (7). The CAR was calculated
by dividing the serum CRP level by the serum albumin level (19).
Age and PS were each classified into two groups (age <70 or ≥70
years; PS ≤1 or >1), according to a previous report (20).

The primary outcome was OS, defined by the length of time from
the date of diagnosis to death. Patients who had not died or were
lost to follow-up were censored when they were last known to be
alive before 1 October 2017.

Data presentation and statistical analysis. Analyses were carried
out using the statistical software, Stata® ver. 13.0 (Stata Corp.,
College Station, TX, USA). Data are summarized using means
(standard deviation) for continuous variables and numbers or
percentages for categorical variables.

OS was estimated using the Kaplan–Meier method, and
differences in survival rates were evaluated by the log-rank test.
Univariate and multivariate analyses of prognostic factors were
performed using the Cox proportional hazards model. The cut-off

levels of NLR and CAR were defined as 5 and 0.58, respectively,
according to previous reports (1, 16). 

Multiple imputation was used to handle missing data because it
was assumed that missing values occurred at random (21, 22).
Twenty datasets were imputed by normal regression, and estimates
from these datasets were combined using Rubin’s rule (23). The
imputed set was used to investigate the prognostic utility of each
factor, while the complete-case set was also used for preparing
Kaplan–Meier survival curves. In all cases, p-values of less than
0.05 were considered significant.

Results

Patient characteristics. Between January 2007 and August
2017, 210 consecutive patients with histologically confirmed
MPM were seen at our hospital (Figure 1). Twenty-four
surgically treated patients were excluded, and 186 patients
with inoperable MPM were potentially eligible. From these
186 patients, patients with active inflammatory disease or
infection at the time of diagnosis, patients treated by
chemotherapy or radiotherapy before the histological
diagnosis of MPM, MPM patients confirmed by autopsy,
patients who had entered clinical trials, and patients with
insufficient follow-up were excluded. Thus, 143 patients
were finally included in this study (Figure 1). 

The median follow-up for all included patients was 345
days. Of the 143 patients, 102 (71.3%) died during follow-
up. The clinical characteristics of patients included in this
study are summarized in Table I. Among the 86 patients who
received palliative chemotherapy, the first-line chemotherapy
regimens were cisplatin plus pemetrexed (n=67, 78%),
carboplatin plus pemetrexed (n=15, 17%), pemetrexed
monotherapy (n=3, 4%), and others (n=1, 1%).

Univariate and multivariate analyses of variables associated
with OS. To assess the prognostic utility of NLR and CAR
in patients with inoperable MPM, univariate and multivariate
analyses were performed using the imputed set. According
to previous studies, histological type, stage, PS, and age were
regarded as important confounding factors associated with
OS (20, 24), and they were considered in the analyses.
Whether patients received platinum-based palliative
chemotherapy in combination with pemetrexed was also
considered in the analyses. On univariate analysis,
histological type, stage, PS, and CAR were associated with
OS (Table II). Multivariate analysis showed that non-
epithelioid histological type and CAR of greater than 0.58
were independent prognostic factors associated with poorer
OS (Table II). NLR was not associated with OS on either
univariate or multivariate analysis.

Subgroup analysis of patients treated with palliative
chemotherapy. To assess the prognostic utility of NLR and
CAR in patients with inoperable MPM who received
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palliative chemotherapy, subgroup analysis was performed
using the imputed set. The median follow-up for patients
treated with palliative chemotherapy was 351 days. Of the 86
patients treated with palliative chemotherapy, 68 (79.1%) died
during the follow-up period. According to a previous report,
histological type, stage, PS, and age were considered in the
multivariate analysis (20, 24). Whether patients received
platinum-based palliative chemotherapy in combination with
pemetrexed was also considered. On multivariate analysis,

non-epithelioid histological type, ≥70 years of age, absence
of platinum-based chemotherapy with pemetrexed, and CAR
of greater than 0.58 were prognostic factors for poorer OS,
while NLR was not associated with OS (Table III).

Kaplan–Meier survival curves stratified by NLR and CAR.
Kaplan–Meier survival curves stratified by NLR and CAR
are shown in Figures 2 and 3, respectively. These survival
curves indicated that high levels of CAR were associated
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Figure 1. Flow chart of patient selection. MPM: Malignant mesothelioma.

Table I. The clinical characteristics of patients included in this study (n=143).

Variable                                                                                            Palliative chemotherapy               Best supportive care                              Total

Patients, n                                                                                                          86                                               57                                             143
Mean age (SD), years                                                                                    70 (8)                                         76 (7)                                         72 (8)
Gender (male), n (%)                                                                                  65 (76%)                                    37 (65%)                                  102 (71%)
Histological type (epithelioid), n (%)                                                        43 (50%)                                    31 (54%)                                   74 (52%)
Stage (I/II), n (%)                                                                                  24 (28%) (n=1)a                        33 (58%) (n=7)a                       57 (40%) (n=8)a
PS (0/1), n (%)                                                                                      77 (90%) (n=3)a                        46 (81%) (n=5)a                      123 (86%) (n=8)a
Platinum-based chemotherapy with pemetrexed, n (%)                           82 (95%)                                      0 (0%)                                     82 (57%)
Mean NLR (SD)                                                                                    4.0 (7.4) (n=4)a                         3.8 (2.4) (n=1)a                         3.9 (6.0) (n=5)a
Mean CAR (SD)                                                                                  1.06 (1.46) (n=6)a                     0.93 (1.92) (n=1)a                     1.01 (1.65) (n=7)a

SD: Standard deviation; CAR: blood C-reactive protein-to-albumin ratio; NLR: blood neutrophil-to-lymphocyte ratio; PS: Eastern Cooperative
Oncology Group performance status. aNumbers in parentheses indicate the numbers of patients with imputed data.



with poorer overall survival, while no difference in overall
survival was seen between those with high and those with
low levels of NLR.

Discussion

This study showed that CAR was a probable prognostic
factor for OS in patients with inoperable MPM. Moreover,
CAR was also a prognostic factor for OS in patients with
MPM who had received palliative chemotherapy. On the
other hand, NLR was not associated with OS in any of the
analyses.

The present study has three important clinical differences
from previous studies. Firstly, this is the first study to examine
the prognostic utility of CAR and NLR simultaneously in
patients with MPM. The results of the present study imply that
CAR, but not NLR, is a probable inflammation-related
biomarker for predicting the prognosis of patients with MPM.
As for NLR, although some studies reported its prognostic
utility (4, 6, 7), the present study and another previous report
did not show its prognostic utility in patients with MPM (1). It
is thought that the differences in patient populations, treatment
options, or cut-off values of NLR could have influenced the
reported prognostic utility of NLR in each study. For example,

in the studies that showed that NLR had significant prognostic
utility, i) treatment data were not available for up to 17% of
the patients (4); ii) patients previously treated with
chemotherapy or patients who received non-standardized
therapy (imatinib or thalidomide) were included (6); and iii)
the cut-off value of NLR was defined as 3 based on the data
specific to its patient population (7). To prevent bias from these
factors, the present study excluded previously treated patients
and patients who had entered a clinical trial, and a prespecified
NLR cut-off value of 5 was used, as reported previously (1, 4).
Secondly, this is the first study that assessed the prognostic
utility of CAR in patients with inoperable MPM. In the
previous unpublished study that assessed the prognostic utility
of CAR in 83 patients with MPM, 27 patients (33%)
underwent surgery, and 56 (67%) received only chemotherapy,
while no patients who received only best supportive care were
included; this study concluded that CAR was an independent
predictor for OS (16). The present study did not include
patients who underwent surgery because most of the patients
presented with unresectable disease (Figure 1). Previous studies
also reported that most patients with MPM presented with
unresectable disease due to their advanced age or underlying
comorbidities (2). In the present study, 57 (40%) out of 143
patients with inoperable MPM received only best supportive
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Table II. Analysis of variables associated with overall survival.

Variable                                                                                                                           Univariate analysis                                   Multivariate analysis

                                                                                                              Hazard ratio (95% CI)            p-Value           Hazard ratio (95% CI)         p-Value

Histological type: Non-epithelioid vs. epithelioid                                   2.23 (1.50-3.31)                  0.0001                 2.06 (1.36-3.13)                0.001
Stage: III/IV vs. I/II                                                                                   1.55 (1.02-2.36)                   0.039                  1.59 (0.99-2.55)                0.054
PS: 2/3/4 vs. 0/1                                                                                        1.85 (1.06-3.21)                   0.030                  1.69 (0.96-2.95)                0.068
Age: ≥70 vs. <70 years                                                                             1.05 (0.71-1.57)                    0.81                   1.41 (0.88-2.25)                 0.15
Platinum-based chemotherapy with pemetrexed: No vs. yes                  1.02 (0.68-1.53)                    0.91                   1.26 (0.78-2.04)                 0.35
NLR: >5 vs. ≤5                                                                                          1.22 (0.74-2.01)                    0.43                   1.06 (0.62-1.80)                 0.83
CAR: >0.58 vs. ≤0.58                                                                               1.94 (1.30-2.91)                   0.001                  1.72 (1.11-2.67)                0.016

CAR: Blood C-reactive protein-to-albumin ratio; CI: confidence interval; NLR: blood neutrophil-to-lymphocyte ratio; PS: performance status.

Table III. Multivariate analysis of variables associated with overall survival in patients treated with palliative chemotherapy.

Variable                                                                                                                         Hazard ratio (95% CI)                                  p-Value

Histological type: Non-epithelioid vs. epithelioid                                                           1.93 (1.15-3.26)                                         0.013
Stage: III/IV vs. I/II                                                                                                           1.50 (0.82-2.72)                                          0.19
PS: 2/3/4 vs. 0/1                                                                                                                0.90 (0.38-2.15)                                          0.81
Age: ≥70 vs. <70 years                                                                                                     1.75 (1.00-3.05)                                         0.049
Platinum-based chemotherapy with pemetrexed: No vs. yes                                          3.19 (1.02-10.0)                                         0.047
NLR: >5 vs. ≤5                                                                                                                  1.07 (0.54-2.11)                                          0.84
CAR: >0.58 vs. ≤0.58                                                                                                       1.89 (1.10-3.23)                                          0.02

CAR: Blood C-reactive protein-to-albumin ratio; CI: confidence interval; NLR: blood neutrophil-to-lymphocyte ratio; PS: performance status.



care; the large number of such patients in the present study is
comparable with another report that included 103 (38%) out of
274 consecutive patients with MPM who received best
supportive care (1). In this respect, the present study reflected
the influence of the patients who were able to receive only best
supportive care on the prognostic utility of inflammation-
related biomarkers. Thirdly, instead of selecting a cut-off level
of CAR that was specific to the present patient population, this
study used the cut-off value established previously (16). This
means that in the present study it was possible to prevent
overoptimistic estimates of test performance and externally
validate the prognostic utility of CAR.

In this study, neither stage nor PS were a significant
prognostic factor of OS, while a recent report regarding the
prognostic factors in 191 patients with unresectable MPM
showed that PS, but not stage, was an independent prognostic
factor (25). Another previous study that included 274 patients
with MPM also showed that PS, but not stage, was an
independent prognostic factor (1). In the present study and
these two previous studies, the hazard ratios for PS were
approximately similar (1.69, 1.83 and 1.78, respectively), and
it is possible that the relatively small number of patients
included in the present study could explain why PS was not
found to be a significant prognostic factor.

The potential limitations of the present study are as follows.
Firstly, NLR and CAR values were missing for some of the
patients in this study because of its retrospective design, and
multiple imputation was used to handle missing data. However,
multiple imputation in this study was justified because it has
been reported that this method reduces bias from missing data
and improves the precision of estimates (21, 22). Secondly,
there were no pre-specified criteria as to the treatment
allocation for each patient included in this retrospective study.
However, the treatment allocation in this study was reasonable
because patients of younger age tended to receive palliative

chemotherapy (Table I). Although this limitation reflects the
real-world clinical setting, future multicenter, prospective
studies with pre-specified treatment criteria are needed.

In summary, the results of the present study suggest that
CAR is a probable prognostic marker when deciding the
treatment plan in patients with inoperable MPM. Moreover,
low levels of CAR might predict a better prognosis in patients
with MPM who are able to receive palliative chemotherapy.

Conclusion

CAR is a probable prognostic factor in patients with
inoperable MPM, and this needs to be confirmed in future
large-scale, prospective studies.
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