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Abstract

Malignant pleural mesothelioma (MPM) is a rare disease with a very poor prognosis. Previous studies have indicated 
that women experience longer survival compared with men. We analyzed 16 267 eligible patients (21.3% females) in the 
National Cancer Database to evaluate which clinical factors are independently predictive of longer survival. After adjusting 
for all covariates, survival was significantly better in females compared with males [HRadj: 0.81, 95% confidence interval 
(CI): 0.77–0.85]. Other factors significantly associated with better survival were younger age at diagnosis, higher income, 
lower comorbidity score, epithelial histology, earlier stage and receipt of surgical or medical treatment. After propensity 
matching, survival was significantly better for females compared with males [hazard ratio (HR): 0.86, 95% CI: 0.80–0.94]. 
After propensity matching within the epithelial group, survival remained significantly better for females compared with 
males (HR: 0.85, 95% CI: 0.74–0.97). This study adds information to the known significant gender survival difference in 
MPM by disentangling the effect of gender from the effect of age and histology, two known independent factors affecting 
survival. Circulating estrogen, present in young but not older women, and higher expression of the estrogen receptor beta 
in epithelial mesothelioma have been suggested to play a role in gender survival differences. These findings may lead to 
exploring new therapeutic options, such as targeting estrogen receptor beta, and considering hormonal therapy including 
estrogens for patients with otherwise limited prognosis.

Introduction
Malignant pleural mesothelioma (MPM) is a rare but aggressive 
form of thoracic cancer linked to asbestos exposure. Patients with 
MPM have historically had a very poor prognosis, with modest 
changes in survival observed over time, despite the introduction 
of modern therapeutic interventions (1). Previous analyses of the 
Surveillance, Epidemiology, and End Results (SEER) database (2–5) 
and single-center studies (6–8) have suggested that females with 
MPM experience longer survival compared with males. However, 
MPM is a rare disease and only a small proportion of affected 

patients are female, which limits the extent of conclusions that 
can be drawn from single-institution databases.

Among the possible reasons for the observed longer survival 
experienced by women, authors suggested that they present 
at earlier stage (9), have tumors with more favorable histology 
(4), experience a different amount or type of asbestos exposure 
responsible for a more indolent tumor biology (10), and may 
benefit from protective effects of circulating estrogen (6) 
interacting with estrogen receptors present in their tumors (11).
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Because of the aggressive nature of MPM and its poor 
prognosis, identifying prognostic factors and characterizing 
their relation with therapeutic options are critical objectives. 
Currently, therapeutic options are still of limited efficacy and 
include surgery, chemotherapy, radiation and combinations of 
these treatments. The suggestion that female patients with MPM 
survive longer than male patients and the possible association 
with histology, stage or the presence of estrogens and their 
interaction with estrogen receptors, may be key elements for 
identifying novel therapeutic options which could ultimately 
improve patient outcomes.

To date, no large population-based studies have specifically 
evaluated MPM outcomes and their determinants in female 
patients. We used the National Cancer Database (NCDB) 
to retrospectively evaluate survival in patients with MPM 
according to gender and determine which clinical factors are 
independently predictive of longer survival in females.

Materials and methods

Data source
The NCDB is a joint project between the American College of Surgeons 
and the American Cancer Society which is sourced from hospital registry 
data collected in more than 1500 Commission on Cancer (CoC)-accredited 
facilities starting in 1989. Patients who receive some element of their cancer 
care at a CoC-accredited facility are included in the NCDB, representing 
~70% of all patients newly diagnosed with cancer nationwide (12). The 
NCDB offers data about cancer characteristics, patient demographics, 
reporting facility characteristics, first course of treatment and survival, 
as described previously in more detail (13,14). Because the data used in 
the study were derived from a de-identified NCDB file, the research was 
considered exempt by the Institutional Review Board at the Icahn School 
of Medicine at Mount Sinai. The American College of Surgeons and the 
CoC have not verified and are not responsible for the analytic or statistical 
methodology used, or the conclusions drawn from these data by the 
investigator.

Study population
The initial NCDB dataset contained 23 414 patients diagnosed with 
mesothelioma between 2004 and 2013. The sample was limited to 19 
134 patients with invasive pleural mesothelioma. As recommended by 
the NCDB, only patients (i) with at least a part of their treatment at the 
CoC facility that reported them and (ii) who were diagnosed after their 
facility’s reference date for data completeness were included in this study 
(n = 16 267) (Figure 1).

Predictor and primary outcome
The primary predictor was gender, whereas the primary outcome was 
overall survival (OS) after diagnosis. The NCDB recorded the number of 
months of follow-up after diagnosis and the patient’s vital status at that 
time.

Covariates
Covariates included age at diagnosis, race/ethnicity, insurance status, 
percent of adults without a high school diploma in the patient’s zip 
code of residence, median income in the patient’s zip code of residence, 
Charlson Comorbidity Index, facility type, distance from the patient’s zip 

code to the reporting facility, histology, bilateral involvement, stage and 
receipt of treatment, including surgery, radiotherapy and chemotherapy. 
Receipt of radiotherapy was defined if the patient received 40–65 Gy of 
external beam radiation therapy to the chest wall, lungs or pleura as part 
of the first course of treatment (15).

Statistical analysis
Categorical demographic and clinical characteristics were compared 
between males and females using χ2 tests. Independent associations of 
gender with these variables were assessed using multivariable logistic 
regression to estimate odds ratios and 95% CIs. Patients missing any 
covariate information (except stage) were excluded from analysis. As 
~25% of the sample had incomplete information to define stage, a missing 
category was created for analysis.

The Kaplan–Meier method, along with the log-rank test was used to 
estimate and compare univariate OS at 2 and 5 years in males and females. 
A multivariable Cox proportional hazards model was used to assess the 
association between gender and OS, adjusted for possible confounders, 
including year of diagnosis and US census division of the reporting facility. 
The association between gender and OS was also analyzed using a 1:1 
propensity score matching with the greedy algorithm, matching on all 
covariates. A stratified Cox proportional hazard model was then used to 
assess the association between gender and OS. Stratification according 
to age at diagnosis (<50 years, ≥50 years) was done, and within each age 
group, the propensity score matching analysis was repeated. A  similar 
propensity score matching analysis was also conducted among those 
with epithelial histology. All statistical analyses were performed using 
SAS software, v9.4 (SAS Institute, Cary, NC).

Results
We identified 16 267 patients with MPM who met the selection 
criteria of which 21.3% were female (Table 1). At diagnosis, 
females were significantly younger (<60 years: 17.2 versus 9.9%), 
less likely to be on Medicare (65.3 versus 70.6%) but more likely 
to be on Medicaid (3.3 versus 1.9%), had lower comorbidity 
scores (Charlson Comorbidity Index = 0: 70.5 versus 67.6%) and 
tended to live closer to their reporting facility (within 25 miles: 
74.3 versus 71.9%) than males. Females had significantly more 
epithelial cancer (40.3 versus 35.0%), and were less likely to 
receive chemotherapy as a first course of treatment than males 
(45.9 versus 49.3%) (Table 1).

After adjustment, females were still diagnosed at younger 
age, had a lower comorbidity score and were more likely to be on 
Medicaid compared with males (Table 2). Furthermore, females 
had significantly more epithelial histology and were less likely 
to receive chemotherapy compared with males (Table 2).

Abbreviations	

CI	 confidence interval
CoC	 Commission on Cancer
ERβ	 estrogen receptor beta
HR	 hazard ratio
MPM	 malignant pleural mesothelioma
NCDB	 National Cancer Database
OS	 overall survival

Figure 1.  Selection criteria.
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OS was significantly better for females than males at 
2 years (26.5 versus 16.6%), and 5 years (9.4 versus 4.2%) which 
remained significant after adjusting for all covariates [HRadj: 0.81, 

95% confidence interval (CI): 0.77–0.85] (Table 3). Besides gender, 
other factors significantly associated with better survival were 
younger age at diagnosis, higher income at the zip-code level, 

Table 2.  Demographic and clinical factors associated with gender (n = 12 759)

Variable Adjusted ORa (female versus male) 95% CI

Age (years)
  <50 1.00 Ref
  50–59 0.72 0.54–0.97
  60–69 0.43 0.32–0.58
  70–79 0.43 0.32–0.58
  ≥80 0.49 0.36–0.66
Race   
  White 1.00 Ref
  Black 1.00 0.80–1.24
  Asian/Other 1.15 0.87–1.53
Spanish/Hispanic origin   
  Yes versus No 0.99 0.79–1.2
% of adults in patient zip code without a HS degree (quartiles)   
  <7 1.00 Ref
  7–12.9 0.86 0.76–0.97
  13–20.9 0.96 0.83–1.11
  ≥21 0.96 0.80–1.17
Patient zip code median income ($) (quartiles)   
  ≥63 000 1.00 Ref
  48 000–62 999 0.97 0.86–1.09
  38 000–47 999 0.90 0.78–1.04
  <38 000 0.93 0.78–1.12
Insurance   
  Medicare/other government 1.00 Ref
  Medicaid 1.42 1.08–1.89
  Private insurance 1.11 0.98–1.25
  Uninsured 0.98 0.71–1.36
Charlson Comorbidity Index   
  0 1.00 Ref
  1 0.89 0.80–0.99
  ≥2 0.76 0.65–0.90
Facility type   
  Community Cancer Program 1.00 Ref
  Academic/Integrated Network Cancer Program 1.04 0.95–1.14
Distance from patient to reporting facility (miles)   
  <25 1.00 Ref
  25–49.9 0.96 0.84–1.11
  ≥50 0.89 0.77–1.03
Histology   
  Epithelial 1.00 Ref
  Sarcomatoid 0.50 0.42–0.59
  Biphasic 0.68 0.57–0.82
  Not otherwise specified 0.93 0.84–1.02
Laterality   
  Bilateral involvement/midline versus one side 0.85 0.65–1.13
Stage   
  Local 1.00 Ref
  Regional 1.08 0.96–1.23
  Distant 1.07 0.93–1.21
  Missing/unknown 1.05 0.94–1.18
Surgery   
  Yes versus No 0.91 0.81–1.04
Radiotherapy   
  Yes versus No 1.07 0.85–1.35
Chemotherapy   
  Yes versus No 0.78 0.71–0.86

HS, high school; OR, odds ratio.
aOdds of being female, adjusted for all other variables, year of diagnosis, and reporting facility census division.

Bold values indicate statistically significant results.
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lower comorbidity score, diagnosis in an academic/integrated 
network cancer program, epithelial histology, earlier stage 
and receipt of treatment (Supplementary Table 1, available at 
Carcinogenesis Online).

Propensity matching yielded 2374 matched cases for each 
gender (Table 1). Both the 2- (P = 0.0019) and 5-year (P = 0.0005) 

OS were better in females compared with males [hazard ratio 
(HR): 0.86, 95% CI: 0.80–0.94] (Table 3, Figure 2A).

After stratification by age at diagnosis, propensity matching 
within the <50 years age group yielded 70 matched female and 
male cases. The 2-year OS was 43.5 and 33.9% (P  =  0.0772), 
and the 5-year OS was 28.8 and 16.7% (P = 0.0642) for females 

Figure 2.  Overall survival according to gender in (A) propensity-matched cohort (n = 4748); (B) <50 years (n = 140); (C) ≥50 years (n = 4580). 

Table 3.  Univariate and multivariate overall survival according to gender

 

Univariate analysis
Multivariate analysis 
(n = 11 388)

2-year survival 5-year survival   

Rate (%) 95% CI P Rate (%) 95% CI P Adjusted HRa 95% CI

Males 16.6 15.9–17.3 4.2 3.7–4.6 1 Ref
Females 26.5 24.9–28.1 <0.0001 9.4 8.2–10.5 <0.0001 0.81 0.77–0.85
 Propensity-matched analysis (n = 4,748)b

Males 17.5 15.9–19.0  4.3 3.3–5.3  1 Ref
Females 26.0 24.1–27.8 0.0019 8.7 7.3–10.0 0.0005 0.86 0.80–0.94

aAdjusted for age at diagnosis, race, Hispanic origin, % of adults in the zip code with no high school, ZIP code median income, insurance, Charlson Comorbidity Index, 

facility type, distance from the reporting facility, histology, laterality, stage, receipt of surgery, receipt of radiotherapy, receipt of chemotherapy, year of diagnosis and 

US census division of the reporting facility.
bP-values and HRs obtained from stratified Cox proportional hazards models to account for matching.

http://academic.oup.com/carcin/article-lookup/doi/10.1093/carcin/bgz004#supplementary-data
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and males, respectively, with an HR of 0.6 (95% CI: 0.35–1.03) 
(Figure 2B).

Propensity matching within the ≥50  years age group 
yielded 2290 matched pairs. The 2-year OS was 25.3 and 16.7% 
(P = 0.0003) and the 5-year OS was 8.1 and 4.1% (P = 0.0007), for 
females and males, respectively, with an HR of 0.86 (95% CI: 
0.79–0.94) (Figure 2C).

Propensity matching in the group with epithelial histology 
yielded two balanced groups of 945 female and male cases, 
and confirmed a better OS in females versus males at 2 years 
(P = 0.0128) and 5 years (P = 0.0152); HR: 0.85 (95% CI: 0.74–0.97) 
(Figure 3). Within the epithelial histology group females showed 
significantly better survival than males in both <50 years and 
≥50 years groups (data not shown).

Discussion
This study includes more than 16 000 patients with MPM from 
the National Cancer Database and is one of the largest endeavors 
comparing survival in males and females. Our analysis shows 
that females with MPM survive significantly longer than males, 
independently from other contributing factors.

Differences in seeking medical advice have been suggested 
as a potential reason for the difference in survival with gender, 
because women tend to consult a physician earlier in the course 
of a disease than men (11). The current study, however, showed 
that stage at diagnosis was not significantly different in the two 
genders, as shown by the same rate of metastatic disease at 
diagnosis. This makes lead-time bias or earlier stage of disease 
at diagnosis a less likely explanation of the observed gender 
differences in survival.

Another factor that may affect survival is receipt of treatment. 
Our study showed that males and females equally received 
surgery or radiotherapy, and, in contrast to the survival outcome, 
females received chemotherapy less frequently compared 
with males, making treatment a less likely explanation for the 
difference in survival.

Recently published literature suggested that female 
malignant mesotheliomas have a higher frequency of germline 
mutations in DNA repair genes, some of which are associated 

with better survival, and this could in part account for the 
gender differences in survival observed in epidemiologic 
studies (16,17). Although other studies specifically focused 
on BAP1 polymorphism did not indicate that the frequency 
of the germline mutation varies with gender (18) or is lower 
in females than in males (19), it is possible that BAP1 is a 
mediator of the association between gender and survival. The 
dataset we used in this analysis does not include biological 
information or genetic testing, thus we are unable to test this 
hypothesis. More research on MPM germline variant in DNA 
repair genes and their association with gender and survival 
is needed.

Previous studies already identified the association of older 
age and male gender with shorter survival (5,8). A SEER analysis 
reported a better survival rate in females compared with males, 
however this study did not address the role of histology because 
this variable was missing in almost two-thirds of the cases (5). 
A  smaller, single-institution study producing similar results 
on survival was also unable to fully adjust for all different 
histologies because of the small sample (8). Despite the fact that 
histology was not specified for all patients in the NCDB, we were 
able to study the effect of gender within the epithelial group, 
and confirmed the survival advantage of females.

The stratified analysis according to age found that females 
had higher survival at all ages, although the difference tended 
to be more pronounced in younger patients. These results seem 
to be unaffected by the tumor histology, despite the smaller 
sample size of this subanalysis. Circulating estrogen, present 
in young but not older women, and the expression of the 
estrogen receptor beta (ERβ) have been suggested to play a role 
in the survival difference between males and females. It has 
been shown that the ERβ has antiproliferative effects in in vitro 
and in vivo cancer models (20). A study analyzing 78 samples 
of patients with MPM showed a significantly better survival 
in patients with high ERβ expression compared with patients 
with low ERβ expression (11). A  follow-up study showed that 
reduced ERβ expression led to a phenotypic shift to a less 
epithelioid phenotype and vice versa. Furthermore, ERβ 
expression was lost in more aggressive sarcomatoid forms of 
MPM (21). Therefore the potential to reverse a more aggressive 
biphasic phenotype by inducing the ERβ expression, as shown 
by Manente et al. (22), could be clinically significant. Epithelial 
forms of MPM have a better prognosis compared with other 
histology types, and the interplay with ERβ expression may 
be the underlying reason for better survival. Our finding that 
younger women have a more pronounced survival advantage 
further supports the theory that the presence of circulating 
estrogens combined with higher ERβ expression in epithelial 
histology may be partly responsible for the survival difference 
between genders. These results suggest the possibility of 
reversing a more aggressive histotype by targeting ERβ with a 
selective agonist together with estrogens as a novel treatment 
option, as described for prostate cancer (23), thus increasing 
therapeutic options for patients with MPM.

Among the limitations of this analysis is the fact that 
differences in survival between males and females for other 
histology types, such as sarcomatoid and biphasic, could not 
be assessed because of the small number of female patients 
with these MPM subtypes. Although the NCDB captures 
~70% of newly diagnosed cancer cases in the USA, it is not a 
nationally representative population-based sample. However, 
cases reported to the NCDB are most likely representative at 
regional level (24). Another limitation is that the NCDB is used by 
communities and participating hospitals as a self-assessment 

Figure 3.  Overall survival in epithelia histology cases (propensity-matched 

cohort) according to gender (n = 1890). 
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tool to assess patterns of care and outcomes (25). The dataset 
might therefore lack relevant information because it was not 
collected. For example, a proportion of cases lacked complete 
information on histology; the lack of difference between males 
and females in the percentage of histology ‘not otherwise 
specified’ makes it unlikely that bias could explain the observed 
survival differences. Strengths related to using a large database 
include the large group of eligible patients with MPM, which is 
an otherwise rare disease. Furthermore, the results are more 
generalizable to the general population compared with single-
institution studies.

This study adds information to the known significant 
survival difference between male and female patients with MPM 
using a large cohort of patients with MPM, by disentangling 
the effect of gender from the effect of age and histology, two 
known independent factors affecting survival. These results 
may provide additional evidence that ERβ expression present 
on epithelial-type MPM and circulating estrogens, present in 
younger women, positively affect survival in MPM.

Supplementary material
Supplementary data are available at Carcinogenesis online.
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