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Background: Pleural mesothelioma (PM) is a highly aggressive tumor with poor survival outcomes.
The role of additional radiotherapy for PM patients who have received surgery and chemotherapy
remains controversial. In this study, we aim to evaluate the impact of age on the effectiveness of additional
radiotherapy in order to identify the populations that may benefit from the trimodality therapy.

Methods: We designed a case-control study and retrospectively selected PM patients who underwent
surgery and chemotherapy, with or without radiotherapy, from the Surveillance, Epidemiology, and End
Results (SEER) database (2000-2019). Kaplan-Meier curves were performed to compare the overall survival
(OS) and cancer-specific survival (CSS) between the surgery + chemotherapy group and the trimodality
therapy group. Propensity score matching (PSM) was used to balance the clinical characteristics and reduce
potential confounding effects.

Results: A total of 745 patients were selected, of which 515 received surgery + chemotherapy and
230 received trimodality therapy. For patients aged 50 to <65 years, additional radiotherapy showed better
OS (3-year: 34.78% vs. 23.92%, P=0.02) and CSS (3-year: 36.15% vs. 25.46%, P=0.04) compared to
surgery + chemotherapy. Similar results were observed after PSM (3-year OS: 38.76% vs. 26.53%, P=0.02;
3-year CSS: 40.49% vs. 26.92%, P=0.02). No significant benefit of radiotherapy was seen for patients aged
<50 and >65 years, both before and after PSM.

Conclusions: Our findings reveal that trimodality therapy is associated with better OS and CSS compared
to surgery + chemotherapy for patients aged 50 to <65 years. These patients might obtain a benefit from
additional radiotherapy.
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Introduction

Pleural mesothelioma (PM) is a highly aggressive tumor
arising from the serosal layer of the pleura. Due to the
prolonged occult medical history, patients are often
diagnosed at an advanced stage, and the median overall
survival (OS) is only 8.3 months (1,2). PM is rare with
an incidence ranging between 2.4 and 3.5 cases per
100,000 person-years (2). Thus, it is essential to investigate
the impact of various treatment patterns on PM patients.
Based on National Comprehensive Cancer Network
(NCCN) guideline, for PM patients whose clinical stages
are classified as I-IITA and histological subtypes are
epitheloid or biphasic, surgery should be considered as
a priority after careful evaluation (3). Many studies have
shown that surgical resection can prolong the median OS of
patients (4-8), however, the randomized surgical trial MARS
dividing the patients into extrapleural pneumonectomy
(EPP) group vs. no EPP group found no significant
differences of OS between the two arms (9). For patients
whose tumor are operable, chemotherapy is recommended
for preoperative induction or postoperative adjuvant
therapy. An analysis based on Surveillance, Epidemiology,
and End Results (SEER) database demonstrated that
patients who received chemotherapy had a survival
benefit, regardless of whether they received surgery (10).
Another study has also shown that the combination of
surgery and chemotherapy presented a higher survival rate
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compared to surgery alone (11). For PM patients who are
unable to undergo surgery or refuse surgical intervention,
chemotherapy alone is considered the first-line treatment. A
Phase III clinical trial, CheckMate 743, demonstrated that
the combination of Nivolumab and Ipilimumab improved
OS in patients with unresectable PM compared to standard
chemotherapy regimens of platinum plus pemetrexed.

The addition of adjuvant radiotherapy for PM patients
following surgery and chemotherapy is referred to as
trimodality therapy. Studies have indicated that adjuvant
radiotherapy following surgery can reduce the local
recurrence rate in PM patients (12,13). Nevertheless, the
role of additional radiotherapy remains controversial, and
the data regarding are efficacy is heterogeneous. Several
studies have shown survival benefits in patients who
received trimodality therapy (14-16). However, a phase
II trial, SAKK 17/04, failed to prove the benefit of using
hemithoracic radiotherapy after EPP and chemotherapy for
PM patients (17). Another study proved that the addition of
radiotherapy can improve survival in patients with localized
PM, but not for regional or distant PM (18).

To date, clinicopathological factors that influence the
efficacy of the additional radiotherapy in PM patients have
not been fully investigated. This study aims to assess the
effect of age on the efficacy of additional radiotherapy
by analyzing data from the SEER database. We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-24-1111/rc).

Methods
Data source and study population

The SEER database is an authoritative cancer statistics
database based on the American population. Clinical data
were downloaded using the SEER Stat 8.4.0 (19). The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

We retrospectively selected PM patients from 2000
to 2019. The ICD-O-3 histological codes we used were
9050 for unclear type, 9052 for epithelioid type, and 9053
for biphasic type. The inclusion criteria were: (I) patients
aged 18 years or older; (II) patients were pathologically
diagnosed; (III) patients received surgery + chemotherapy
+ radiotherapy; (IV) the survival record was complete, and
patients had a survival duration of more than 0 days. The
exclusion criteria were: (I) the left and right sides of the
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tumor were unclear; (II) uncertain survival duration or
survival state; (III) suffering from other malignant tumors;
(IV) unclear information on radiotherapy.

Variables and outcomes

The key variables for the selected patients included age, sex,
race, year of diagnosis, laterality, extent of disease, extent
of surgery, and histological subtype of PM. The outcomes
were OS and cancer-specific survival (CSS). The OS was
defined as the follow-up duration from diagnosis to the last
follow-up or the death due to any reason. And the CSS was
defined as the follow-up duration from diagnosis to the last
follow up or the death due to the diagnosed PM.

Statistical analysis

Propensity score matching (PSM) was used to balance the
clinical characteristics between the surgery + chemotherapy
and the trimodality therapy groups to reduce potential
confounding effects. R package “Matchlt” was used to
implement the “nearest neighbor matching” method. For
those aged <50 and >65 years, the ratio was 2:1, and for
those aged 50 to <65 years, the ratio was 1:1. The matched
variables included: sex, race, year of diagnosis, histological
subtype, laterality, extent of disease, and surgery extent.
Sensitivity analysis was also conducted by excluding patients
with certain characteristics.

The mean = standard deviation and quartile were
used to describe normally distributed variables and
skewed continuous variables respectively. For appropriate
continuous variables, Student’s 7 test or Wilcoxon signed
rank test was used for analysis, while Chi-squared test
was applied for categorical variables. Comparison of
outcomes between the surgery + chemotherapy group
and the trimodality therapy group was performed using
Kaplan-Meier curves, with the log-rank test to assess for
significance. The hazard ratio (HR) and 95% confidence
interval (CI) were used to describe the results of the
univariable and multivariable analyses. Statistical software R
(R-4.0.3) was used in this study. All P values were two tailed
and P<0.05 was defined as statistically significant.

Results
Baseline characteristics

A total of 745 patients were selected in this study, of whom
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515 received surgery + chemotherapy and 230 received
trimodality therapy. The median surveillance time was
24 months (interquartile range: 10-30 months).
The baseline demographic and clinicopathological
characteristics were shown in Table 1. The mean age
were 65.8+£9.6 and 63.6+9.2 years for the surgery +
chemotherapy group and the trimodality therapy group,
respectively. Patients who received trimodality therapy
were younger (P<0.001) and were diagnosed more recently
(P=0.04) than those who received surgery + chemotherapy.
In addition, patients who received trimodality were more
likely to undergo extensive surgery than patients who
received surgery + chemotherapy (47.4% vs. 33.0%,
P<0.001). Except for the aforementioned differences,
there were no significant differences in other baseline
characteristics between the two groups.

Survival analysis of all patients who received surgery +
chemotberapy vs. trimodality therapy

There was no statistical difference in CSS (P=0.32) and
OS (P=0.10) between surgery + chemotherapy group and
trimodality therapy group when all patients were included
in the analysis (Figure I). The 1-year OS for surgery +
chemotherapy and trimodality therapy groups is 66% and
77%, respectively. However, 3 years after the diagnosis of
PM, the survival rates of patients in the two groups dropped
rapidly, becoming 21% and 26%, respectively. And by
the fifth year the survival rates were only 11% and 13 %,
respectively.

Survival analysis stratified by age before PSM

All patients were divided into three age groups: <50, 50 to
<65 and >65 years, and the baseline characteristics of each
age group are presented in Table 2. As shown in the table,
compared with the <50 group or the =65 group, more
patients in the 50 to <65 group underwent radiotherapy
(proportion: <50 vs. 50 to <65 years: 25.0% vs. 40.1%,
P<0.001; 265 vs. 50 to <65 years: 25.4% vs. 40.1%,
P<0.001). The results of survival analysis are shown in
Figure 2, and patients who received trimodality therapy were
associated with significantly better OS and CSS compared
to surgery + chemotherapy management in the 50 to
<65 group (3-year OS: 34.78% vs. 23.92%, P=0.02;
3-year CSS: 36.15% wvs. 25.46%, P=0.04; Figure 2C,2D).
However, this benefit was not observed in the <50 group
(Figure 24,2B) or the >65 group (Figure 2E,2F).
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Table 1 Baseline and clinicopathological characteristics of patients received surgery + chemotherapy or trimodality therapy
Characteristics Surgery + chemotherapy (n=515) Trimodality therapy (n=230) P value
Age (years) <0.001
<50 33 (6.4) 11 (4.8)
[50, 65) 167 (32.4) 112 (48.7)
=65 315 (61.2) 107 (46.5)
Mean + SD 65.8+9.6 63.6+£9.2 0.009
Sex 0.88
Female 119 (23.1) 55 (23.9)
Male 396 (76.9) 175 (76.1)
Race 0.23
White 466 (90.5) 214 (93.0)
Black 28 (5.4) 6 (2.6)
Others' 21 (4.1) 10 (4.3)
Year of diagnosis 0.04
2000-2004 72 (14.0) 46 (20.0)
2005-2009 129 (25.0) 59 (25.7)
2010-2014 147 (28.5) 71 (30.9)
2015-2019 167 (32.4) 54 (23.5)
Laterality 0.50
Right 302 (58.6) 128 (55.7)
Left 213 (41.4) 102 (44.3)
Extent of disease 0.16
Localized 42 (8.2) 10 (4.3)
Regional 156 (30.3) 69 (30.0)
Distant 317 (61.6) 151 (65.7)
Surgery extent* <0.001
Incomplete 252 (48.9) 68 (29.6)
Complete 93 (18.1) 53 (23.0)
Extended 170 (33.0) 109 (47.4)
Histological subtype 0.13
Epithelioid 315 (61.2) 147 (63.9)
Biphasic 79 (15.3) 43 (18.7)
NOS 121 (23.5) 40 (17.4)

Values are numbers (percentages) unless otherwise stated, and percentages may not total 100 because of rounding. , others include
American Indian/AK Native, Asian/Pacific Islander. *, incomplete surgeries are code 30: simple/partial surgical removal of primary site and
code 50: surgery stated to be “debulking”; complete surgery is code 40: total surgical removal of primary site; extended surgery is code
60: radical surgery and partial or total removal of the primary site with a resection in continuity with other organs. NOS, not otherwise

specific.
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Figure 1 Survival analysis for all patients with pleural mesothelioma who received surgery + chemotherapy vs. trimodality therapy.

Survival analysis stratified by age after PSM

Before PSM, we conducted a comprehensive analysis of all
relevant clinical factors to investigate whether there were
potential clinicopathological factors that might influence
the effectiveness of additional radiotherapy, summarizing
the results in a forest plot (Figure S1). The results indicated
that additional radiotherapy was a protective factor in
patients aged 50 to <65 years (HR: 0.75, P=0.04), which
aligns with our previous results.

After PSM, there were no statistically significant
differences between the surgery + chemotherapy and
trimodality therapy groups in baseline characteristics in
each age group (Table S1, Figure S2). The results shown in
Figure 3 still favored trimodality therapy in patients aged
50 to <65 years when compared to surgery + chemotherapy
management (3-year OS: 38.76% wvs. 26.53%, P=0.02;
3-year CSS: 40.49% vs. 26.92%, P=0.02; Figure 3C,3D).
Similarly, this result was still not observed in patients aged

<50 years (Figure 34,3B) or 265 years (Figure 3E,3F).

Sensitivity analysis

Given that biphasic patients undergo surgery only when
the sarcomatoid component is <10%, and the database does
not contain this specific data, we performed a sensitivity
analysis by excluding biphasic patients from the analysis
of matched patients. We found consistent results with the
previous findings. Patients in the 50 to <65 years age group

© AME Publishing Company.

experienced survival benefits from trimodality therapy (OS:
P=0.02, CSS: P=0.04; Figure S3), whereas no significant
benefits were observed in other age groups.

To investigate the impact of surgery extent on our
finding, we categorized all patients into complete and
incomplete surgery groups and compared the survival
between patients undergoing surgery + chemotherapy or
trimodality therapy across different ages within the groups.
The complete surgery group comprised both previously
defined complete and extended surgeries; and PSM was also
utilized (Tables S2,S3). The results of the survival analysis
are shown in Figure S4. In the complete surgery group,
additional radiotherapy demonstrated consistent benefits
in patients aged 50 to <65 years (P=0.03; Figure S4B),
while in the incomplete surgery group, no benefit of
additional radiotherapy was observed across all age groups
(Figure S4D-S4F). Notably, in the age group below 50 years
in the complete surgery group, additional radiotherapy
indicated unfavorable survival outcomes (P=0.02;
Figure S4A). However, given the small sample size, caution
is advised in interpreting this result.

Interaction analysis of additional radiotherapy and age

In order to more clearly explain the influence of age on the
efficacy of trimodality therapy, patients were subdivided into
<50, 50-54, 55-59, 60-64, 6569, 70-74, and >75 years,
for a total of seven age groups. The interaction between
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Table 2 Baseline characteristics of patients stratified by age
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Age groups (years) P value
Characteristics
<50 [50, 65) >65 <50 vs. [50, 65) <50 vs. =65 [50, 65) vs. =65
Sex 0.01 <0.001 0.002
Female 21 (47.7) 78 (28.0) 75(17.8)
Male 23 (52.3) 201 (72.0) 347 (82.2)
Race 0.001 0.001 0.22
White 33 (75.0) 258 (92.5) 389 (92.2)
Black 6 (13.6) 14 (5.0 14 (3.3)
Others' 5(11.4) 7 (2.5) 19 (4.5)
Year of diagnosis 0.75 0.14 0.006
2000-2004 11 (25.0) 52 (18.6) 55 (13.0)
2005-2009 11 (25.0) 81 (29.0) 96 (22.7)
2010-2014 11 (25.0) 80 (28.7) 127 (30.1)
2015-2019 11 (25.0) 66 (23.7) 144 (34.1)
Laterality 0.78 0.80 >0.99
Right 24 (54.5) 162 (58.1) 244 (57.8)
Left 20 (45.5) 117 (41.9) 178 (42.2)
Extent of disease 0.14 0.15 0.74
Localized 0 (0.0 20(7.2) 32 (7.6)
Regional 16 (36.4) 79 (28.3) 130 (30.8)
Distant 28 (63.6) 180 (64.5) 260 (61.6)
Surgery extent* 0.42 0.62 0.20
Incomplete 21 (47.7) 108 (38.7) 191 (45.3)
Complete 6 (13.6) 57 (20.4) 83 (19.7)
Extended 17 (38.6) 114 (40.9) 148 (35.1)
Radiotherapy 0.08 >0.99 <0.001
Surgery + chemotherapy 33 (75.0) 167 (59.9) 315 (74.6)
Trimodality therapy 11 (25.0) 112 (40.1) 107 (25.4)
Histological subtype 0.17 0.10 0.91
Epithelioid 24 (54.5) 174 (62.4) 264 (62.6)
Biphasic 5(11.4) 45 (16.1) 72 (17.1)
NOS 15 (34.1) 60 (21.5) 86 (20.4)

Values are numbers (percentages), and percentages may not total 100 because of rounding. T, others include American Indian/AK Native,
Asian/Pacific Islander. *, incomplete surgeries are simple/partial surgical removal of primary site and surgery stated to be “debulking”;
complete surgery is total surgical removal of primary site; extended surgery is radical surgery and partial or total removal of the primary
site with a resection in continuity with other organs. NOS, not otherwise specific.
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Figure 3 Survival comparison of pleural mesothelioma patients who received surgery + chemotherapy vs. trimodality therapy in different

age groups after match. (A, B) <50 years group; (C, D) 50 to <65 years group; (E,F) 265 years group.
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radiotherapy and age.

additional radiotherapy and age was analyzed using
multifactor Cox regression analysis (where all variables
listed in 7able 1 were included). As shown in Figure 4, the
addition of radiotherapy only brought potential survival
benefits to the 50-54 group, the 55-59 group, and the 60-
64 group.

Discussion

PM is a relatively rare tumor with long latency period
and poor prognosis. There is currently controversy over
whether to add radiotherapy to the treatment regimen for
operable PM patients. In this study, we investigated the
effect of age on efficacy of the additional radiotherapy in
conjunction with surgery and chemotherapy. We found
that in the 50 to <65 years group, patients who received
trimodality therapy had a better OS and CSS than those
who received surgery + chemotherapy. This result was
still observed after performing PSM to reduce potential
confounding bias. However, we did not prove the same
benefit in <50 group nor >65 group, regardless of whether
PSM was performed.

The latest NCCN guideline recommends PM patients
whose clinical stages are I-IIIA and histological subtypes
are epithelioid or biphasic to undergo surgical treatment
and chemotherapy, and radiotherapy should be considered
as needed (20-23). However, the guidelines do not specify
which patients will benefit from radiation therapy. We
investigated this issue in PM patients of different ages
based on a large cohort from SEER database. Surgery is
not recommended for patients of sarcomatoid subtype, we

© AME Publishing Company.

Yang et al. The age impact on radiotherapy efficacy in PM

excluded patients of sarcomatoid subtype to reduce the
influence of confounding factors. In PSM, we only included
patients whose ICD-0O-3 histological codes were 9052
(epithelioid type) and 9053 (biphasic type) and excluded
patients with an ICD-O-3 histological code of 9050 (unclear
pathologic classification) to make our result after PSM more
reliable.

With the completion of the MARS 2 trial, the necessity
of surgery for PM patients has become a topic worth
discussing. The MARS 2 trial found that the risks of
extended pleurectomy decortication for operable PM
patients are higher than those of chemotherapy alone (24).
However, the MARS 2 team assessed PM patients for
surgical resection solely using computed tomography (CT),
while current guidelines recommend a comprehensive
evaluation including imaging and performance status (3).
This might lead to unsuitable patients being deemed
eligible for surgery. Additionally, some researchers have
claimed that the MARS 2 trial’s statistical analysis of certain
subgroups was biased and that the data were inadequate to
support the conclusion that surgery results in worse survival
rates (25).

Unnecessary or excessive surgery can lead to poorer
prognoses for PM patients (26); however, at this stage,
many researchers believe that the role of surgery cannot
be denied (25,27). In the current context where systemic
therapy remains the primary approach, more precise and
personalized resection plans are crucial for PM patients. A
more comprehensive and in-depth exploration of whether
surgery is necessary is needed to provide stronger evidence
for clinical decision-making.

A phase I clinical trial, CheckMate 743, demonstrated
that the combination of Nivolumab and Ipilimumab
improved OS in patients with unresectable PM compared
to standard chemotherapy regimens of platinum plus
pemetrexed (28). The results of a meta-analysis also
demonstrated the safety and efficacy of immunotherapy (29).
According to the latest guidelines, the chemotherapy
regimen of platinum plus pemetrexed is still recommended
for operable PM patients (3). Therefore, we consider
that future research is needed to investigate whether the
combination of nivolumab and ipilimumab can replace
the role of chemotherapy in the trimodality therapy for
operable PM patients, and whether there will be changes in
the characteristics of PM patients who could benefit from
the trimodality therapy after modifying the regimen.

The role of radiotherapy in PM remains controversial.
The phase II IMPRINT trial evaluated the safety of
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hemithoracic intensity modelled radiotherapy (IMRT) given
to patients with PM after induction chemotherapy and
surgery. In IMPRINT trial, with a total of 27 participants,
radiation pneumonia was reported in 30% of patients
(6 patients with grade 2 and 2 patients with grade 3) and was
reversible with corticosteroids, no grade 4 or 5 radiation-
related toxicities were observed (30). Based on IMPRINT
trial, the NCCN recommended that hemithoracic IMRT
should be considered after induction chemotherapy and
pleurectomy/decortication (P/D) by qualified professionals.
Another phase III SMART trial compared prophylactic
radiotherapy with delayed radiotherapy to evaluate
recurrence rates in patients undergoing PM surgery (31).
In SMART trial, 203 eligible patients were randomly
assigned to immediate radiotherapy or delayed radiotherapy
in a 1:1 ratio, with data showing no difference in surgical
band recurrence between the prophylactic radiotherapy
(RT) group and the delayed RT group. Thus, prophylactic
radiotherapy was no longer routinely recommended
to prevent instrumental tract recurrences after pleural
intervention.

To date, there is no randomized controlled trial that
elucidates the therapeutic effect of additional therapy in
conjunction with surgical treatment and chemotherapy.
SKK 17/04 trial is considered one of the most important
trials regarding the therapeutic effect of additional
radiotherapy. In the SKK 17/04 trial, participants received
three cycles of cisplatin/pemetrexed chemotherapy and
EPP, then 54 participants with complete macroscopic
resection were randomly assigned (1:1) to receive high-dose
radiotherapy or standard care (17). No significant difference
in survival was observed and the trial did not support the
routine use of hemithoracic radiotherapy. However, many
researchers argued that the result of this trial failed to support
the benefit of additional hemithoracic radiotherapy because
of slow enrollment of patients, poor macroscopic clearance
and high postoperative mortality rates (1,18,32-34). Besides
the clinical trials, there are still many studies exploring the
effect of radiotherapy in postoperative treatment of PM.
Many studies have confirmed that the use of radiotherapy
after EPP, P/D or chemotherapy has survival advantages
(13,14,16,35-37). A recent SEER analysis found that the
addition of radiotherapy only improved survival for PM
patients with localized tumors and did not find the benefit
in patients with regional or metastatic disease (18). In our
study, we found different treatment outcomes of trimodality
therapy for PM patients in different age groups. Our
findings suggest that PM patients aged 50 to <65 may obtain
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a potential benefit from the addition of radiotherapy and
could provide a reference for clinicians to decide whether to
include radiotherapy in their treatment plan.

How to accurately deliver radiation to the entire pleural
surface without damaging radiosensitive organs such as
the lungs and heart is a major challenge in radiotherapy
for PM (38). Due to the age-related degeneration, patients
over 65 years have poorer cardiopulmonary function, lower
performance status score, and poorer renal function than
patients between 50 and 65 years of age, leading to their
lower tolerance to radiation exposure. We speculated that
this might be the reason why additional radiotherapy did
not bring a survival benefit to PM patients over 65 years
old. Asbestos exposure is the most significant risk factor for
PM, and patients usually have a history of asbestos exposure
for more than 40 years (39). We speculated that PM patients
younger than 50 years might be caused by high exposure to
asbestos over a short period of time or with the harboring of
driver mutations of PM (40,41), and the condition of those
PM patients was too severe, potentially overshadowing the
benefits of the trimodality therapy.

There are also some limitations in this study. First,
our data might have selection bias and information
bias due to the retrospective design. Second, because
the SEER database does not provide details of surgery
and radiotherapy dosage, we could not further validate
our findings according to these details and although we
identified age as a key factor influencing the efficacy of
radiation therapy, the absence of patient response data
to radiation therapy, including complete response (CR),
partial response (PR), stable disease (SD), and progressive
disease (PD), limits our ability to establish a predictive
nomogram. Third, smoking information is missing from
the SEER database, therefore we could not evaluate the
effect of smoking on the results. Fourth, in the interaction
analysis, due to the small sample size of each age group after
subdividing patients into seven age groups, our result could
only show the trend of the influence of age on the efficacy
of radiotherapy, so further studies with larger sample size
might provide more details about this finding. Finally,
although we conducted PSM and sensitivity analyses, there
is some heterogeneity in the treatment methods in our
article, necessitating further exploration and validation
through well-designed prospective studies.

Conclusions

In conclusion, we found improved survival for trimodality
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therapy versus surgery + chemotherapy in the PM patients
aged between 50 and 65 years, but not in the younger and
older age groups. Although the SEER database has inherent
limitations, our analysis showed that patients aged 50 to
<65 years may derive potential benefit from additional
radiotherapy. The influence of other factors on additional
radiotherapy still needs to be further explored to improve
the understanding of trimodality therapy in the future.
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