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ABSTRACT

Introduction: Malignant pleural mesothelioma (MPM) is an
aggressive malignancy that affects older adults with
frequent comorbidities, making real-world treatment de-
cisions challenging. This study compares the overall sur-
vival (OS) of patients with MPM by physician’s choice of
first-line (1L) platinum chemotherapy (PC), second-line
(2L) immunotherapy versus chemotherapy, and by receipt
of maintenance therapy (MT).

Methods: The study included patients diagnosed with
advanced MPM in the Flatiron Health electronic health
record–derived database who initiated PC with pemetrexed
in the 1L setting between 2011 and 2019. Patients in the 2L
therapy analysis received single-agent chemotherapy versus
immunotherapy after the progression of disease from our
1L cohort. Patients in the MT cohort were identified on the
basis of continued receipt of pemetrexed with or without
bevacizumab after dropping PC at prespecified intervals.
The OS of patients by choice of 1L PC, 2L immunotherapy
versus chemotherapy, and receipt of MT was summarized
by means of Kaplan-Meier survival estimates and compared
in the context of propensity score matching weighted
analyses.

Results: In propensity score matching weighting analysis
from 2065 patients with MPM, there was no evidence of an
OS difference by choice of 1L PC (hazard ratio [HR] ¼ 1.08,
95% confidence interval [CI]: 0.89–1.31, p ¼ 0.43), sug-
gestive evidence of an OS difference by choice of 2L
immunotherapy versus chemotherapy (HR ¼ 0.68, 95% CI:
0.42–1.08; p ¼ 0.10), and no evidence of an OS difference by
receipt of MT (HR ¼ 0.92, 95% CI: 0.72–1.16, p ¼ 0.46).

Conclusions: Using real-world, propensity score–matched
weighted analysis of MPM, we found there was no
difference in OS by choice of 1L PC, 2L immunotherapy or
chemotherapy, or by receipt of MT.

� 2022 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
Malignant pleural mesothelioma (MPM) is a relatively

rare tumor with approximately 2400 to 2800 new di-
agnoses in the United States annually.1 Asbestos expo-
sure is the greatest risk factor for MPM development,2–5

and the case rate remains steady owing to the 30- to 40-
year latency period from exposure to diagnosis. Genomic
analysis of MPM has identified germline and somatic
mutations resulting in tumor suppressor inactivation,
with CDKN2A, BAP1, WT1, and BRCA2 frequently
implicated.6,7

The prognosis for MPM remains poor, with a re-
ported median overall survival (OS) of 12 to 18 months
with therapy.8 Most patients are diagnosed with locally
advanced and unresectable disease at the time of diag-
nosis. Cisplatin and pemetrexed combination chemo-
therapy became the backbone for first-line MPM
management when the doublet revealed a 3-month OS
benefit compared with cisplatin monotherapy.8 The
addition of bevacizumab to the platinum-doublet com-
bination revealed an additional 3-month OS benefit and
is routinely used in clinical practice, although it is not
approved by the Food and Drug Administration for this
indication.9

Medical comorbidities, Eastern Cooperative Oncology
Group (ECOG) performance status (PS), and advanced
age may impact the physicians’ choice of platinum
chemotherapy (PC). In an attempt to mitigate toxicity,
carboplatin may be substituted for cisplatin given its
better tolerability. Phase 3 data are lacking to support
this practice, but phase 2 data comparing carboplatin
with pemetrexed to cisplatin with pemetrexed revealed
similar progression-free survival (PFS) and OS.10

Data on continuation pemetrexed maintenance with
or without bevacizumab maintenance is controversial. A
nonrandomized study from 2006 revealed an improve-
ment in PFS and OS with maintenance pemetrexed11 but
a recent randomized phase 2 cooperative group trial
found no statistically significant PFS or OS benefit with
maintenance pemetrexed.12 Thus, providers may be us-
ing maintenance pemetrexed with or without mainte-
nance bevacizumab despite a lack of strong data
supporting their clinical efficacy and benefit.

There is no consensus on the preferred 2L treatment
after progression of disease on platinum-doublet
chemotherapy with or without bevacizumab. The Na-
tional Comprehensive Cancer Network guidelines iden-
tify immune checkpoint inhibitor monotherapy,
immunotherapy combination therapies, and single-agent
chemotherapy as therapeutic options.13 A rationale ex-
ists for the application of immunotherapy in MPM, as
previous research has revealed that resected tumors
with the highest level of cytotoxic CD8-positive T cells
had the best prognosis.14 A real-world analysis of
patients with MPM treated with 2L pembrolizumab (n ¼
93) found a high programmed death-ligand 1 (PD-L1)
expression, and nonepithelioid histologic subtype was
associated with greater activity to immunotherapy, thus,
making immune checkpoint inhibitor therapy a poten-
tially effective strategy in this setting.15

Our analysis had three main aims. The first is to
describe the real-world prescribing patterns of
platinum-based chemotherapy for MPM in the United
States and to determine whether carboplatin may be
an effective alternative to cisplatin-based chemotherapy
in clinical practice. Our second aim is to describe the
real-world prescribing patterns of second-line (2L)
therapy, specifically evaluating OS outcomes by 2L
immunotherapy versus single-agent chemotherapy.
Finally, we described the prescribing patterns of
continuation pemetrexed with or without bevacizumab
maintenance therapy (MT) and evaluated the effect of
MT on OS.
Materials and Methods
Cohorts and Exposures

We used the Flatiron Health nationwide electronic
health record (EHR)–derived deidentified database to
select patient cohorts of interest. The Flatiron Health
database is a longitudinal database, comprising deiden-
tified patient-level structured and unstructured data,
curated by means of technology-enabled abstraction.16,17

During the study period, the deidentified data originated
from approximately 280 U.S. cancer clinics (w800 sites
of care). The study was sent for institutional review
board approval at our academic institution and was
deemed exempt.

The initial cohort consisted of U.S. patients diagnosed
with MPM between January 2011 and July 2019 who
were treated with first-line (1L) carboplatin or cisplatin
with pemetrexed and with or without bevacizumab. Pa-
tients with a previous history of malignancy were
excluded. Patients who did not have a documented visit,
laboratory results, or vital signs within 90 days of met-
astatic diagnosis were also excluded to ensure all
included patients were actively engaged in care at the
data-providing institution (Fig. 1).

From this cohort, we then derived two secondary
cohorts to analyze our secondary aims. We identified
patients with MPM who were treated with 2L therapy
and grouped them by receipt of single-agent chemo-
therapy versus single or combination immunotherapy.
We also identified a sequence of MT comparison co-
horts including patients who dropped all 1L therapy
within a 4-week window as compared with patients
who, during each 4-week window, dropped 1L
PC while remaining on bevacizumab with/without
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(N= 464)

Figure 1. 1L therapy CONSORT diagram. 1L, first-line treatment; MPM, malignant pleural mesothelioma.
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pemetrexed. The time of dropping a therapy was
identified as the first gap in documented administra-
tions of greater than 8 weeks.

We collected baseline demographics, asbestos expo-
sure, smoking status, ECOG PS, relevant medical
comorbidities including hearing loss, neuropathy, renal,
or cardiac disease, and baseline laboratory results
(Table 1). Comorbidities were identified by means of the
International Classification of Diseases, Ninth or Tenth
Addition diagnosis codes observed in the patients’ EHRs.
Data on PD-L1 testing was collected by means of
abstraction and categorized as positive, negative,
missing, or not tested. For each cohort, we separately
collected baseline time-varying covariates within 180
days before 1L therapy, 2L therapy, or the time window
for MT eligibility, respectively, depending on the cohort.
For the 2L comparisons, we also collected the PC
received in the 1L setting, and the time in months until
starting the 2L of therapy from the start of 1L therapy.
Outcomes and Analyses
The primary outcome measured was OS from the

date of 1L therapy, 2L therapy, and MT, respectively, for
each of the three cohorts. Patients were censored at their
last date of engagement, before a gap exceeding 90 days
without any recorded visits, episodes, laboratory results,
or vital signs in the patient’s EHR, to limit potential



Table 1. Patient Demographics for the First-line Platinum Chemotherapy Analysis

Demographics Carboplatin (n ¼ 464) Cisplatin (n ¼ 323) SMD

Diagnosis y (centered), median (IQR) 0.67 (�1.49 to 2.49) 0.05 (�1.75 to 1.80) 0.174
Age, median (IQR) 77.00 (72.00–80.00) 70.00 (65.00–76.00) 0.78
Asbestos, n (%) 0.157

No 67 (14.4) 60 (18.6)
Unknown/not documented 82 (17.7) 42 (13.0)
Yes 315 (67.9) 221 (68.4)

Smoking status, n (%) 0.073
History of smoking 317 (68.3) 210 (65.0)
No history of smoking 145 (31.2) 111 (34.4)
Unknown not documented 2 (0.4) 2 (0.6)

Region, n (%) 0.153
Midwest 57 (12.3) 33 (10.2)
Northeast 77 (16.6) 46 (14.2)
South 191 (41.2) 131 (40.6)
West 52 (11.2) 51 (15.8)
Unknown or unclassified 87 (18.8) 62 (19.2)

Practice type—community, n (%) 384 (82.8) 267 (82.7) 0.003
Race-ethnicity, n (%) 0.205

White (Non-Hispanic) 352 (84.6) 239 (79.7)
Black (Non-Hispanic) 16 (3.8) 13 (4.3)
Hispanic 17 (4.1) 19 (6.3)
Asian (Non-Hispanic) 6 (1.4) 1 (0.3)
Other 25 (6.0) 28 (9.3)

Cardiac disease, n (%) 14 (3.0) 1 (0.3) 0.213
Kidney disease, n (%) 18 (3.9) 2 (0.6) 0.221
Neuropathy, n (%) 6 (1.3) 1 (0.3) 0.11
Otopathology, n (%) 1 (0.2) 1 (0.3) 0.018
PD-L1 expression, n (%) 0.058

Positive 6 (1.3) 3 (0.9)
Negative/not detected 17 (3.7) 11 (3.4)
Not tested or missing 430 (92.7) 299 (92.6)
Tested and unknown 11 (2.4) 10 (3.1)

Histology, n (%) 0.168
Epithelioid 285 (61.4) 181 (56.0)
Sarcomatoid 66 (14.2) 50 (15.5)
Biphasic (mixed) or Other 64 (13.8) 63 (19.5)
Unknown/not documented 49 (10.6) 29 (9.0)

Serum creatinine, mg/dL, median (IQR) 0.87 (0.72–1.10) 0.80 (0.70–0.93) 0.35
Hemoglobin g/dL, median (IQR) 12.10 (10.80–13.30) 12.40 (11.10–13.60) 0.127
Absolute neutrophil count, k/mL, median (IQR) 7.30 (5.40–10.10) 7.30 (5.30–10.10) 0.012
Platelet count k/mL, median (IQR) 323.00 (253.50–405.50) 346.00 (258.00–438.00) 0.139
White blood cell count, k/mL, median (IQR) 9.40 (7.40–12.42) 9.10 (7.30–12.65) 0.022
Serum albumin, g/dL, median (IQR) 35.00 (32.00–38.00) 36.00 (32.50–40.00) 0.203
Height, cm, median (IQR) 172.72 (165.10–177.80) 172.72 (167.00–177.80) 0.057
Weight, kg, median (IQR) 76.29 (66.22–87.09) 80.20 (69.67–91.90) 0.246
ECOG �2, n (%) 53 (11.4) 20 (6.2) 0.185

ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; PD-L1, programmed death-ligand 1; SMD, standardized mean difference.
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impacts of patient receipt of care outside the data-
providing institution.

The R software version 4.0.1118 was used for the
analysis, and the multivariate imputation by chained
equations package19 was used for multiple imputations.
Missing data were multiply-imputed using predictive
mean matching on 50 chained equations.20 For each
cohort, we estimated a propensity score for treatment
choice using a logistic regression conditioning on base-
line covariates and missingness of covariates. Restricted
cubic splines, with three knots, were placed on contin-
uous covariates to allow for nonlinear predictors of
treatment. In the 2L therapy cohort, the propensity score
model excluded diagnosis year, given its strong associ-
ation with 1L therapy and practice type that yielded
singularities in the estimation of the propensity score.
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Instead, we adjusted for diagnosis year when comparing
2L therapies weighted by the propensity score.21 In the
MT cohort, we dropped neutrophil count from the pro-
pensity score model because of its high correlation with
white blood cell count.

The cohorts were reweighted using matching
weights,22 and we fit a marginal Cox proportional haz-
ards model comparing treatment groups on the out-
comes of interest. The proportional hazards assumption
was checked using Schoenfeld’s residuals.23

We tested for effect modifications by interacting
treatment with subgroups of interest, sarcomatoid sub-
type (Y/N), ECOG PS (�2, <2), baseline body mass index
(underweight defined as <18.5, normal plus overweight
defined as 18.5–29.9, and obese defined as �30), base-
line albumin (�35 g/dL, <35 g/dL), baseline hemoglo-
bin (�12 g/dL, <12 g/dL), ever-smoker (Y/N), age (�70
y, <70 y), and ever-exposed to asbestos (Y/N). For each
cohort, baseline body mass index, albumin, and hemo-
globin were the most recent patient value within 180
days before 1L therapy, 2L therapy, or the time window
for MT eligibility, respectively. PD-L1 positivity was
defined as greater than or equal to 1%. PD-L1 status had
too high of a rate of missingness to be reliably tested for
an effect modification. Causal effects within each sub-
group were estimated analogously to the primary
analyses.
Results
1L Therapy Analysis—Cisplatin Versus
Carboplatin Doublet Chemotherapy

The cohort identification flowchart for comparison of
1L cisplatin and carboplatin is illustrated in Figure 1. Of
the 787 patients with MPM in this cohort, 464 were
treated with carboplatin, and 323 were treated with
cisplatin-based chemotherapy in the 1L setting. The
baseline characteristics of the study population by
treatment are summarized in Table 1. Carboplatin-
treated patients were older (median age ¼ 77 y versus
70 y), had worse ECOG PS (ECOG �2 11.4% versus
6.2%), and were more likely to have relevant medical
comorbidities including kidney (3.9% versus 0.7%) and
cardiac (3.0% versus 0.3%) disease. There were no
notable imbalances between groups (standardized mean
difference [SMD] <0.1) in smoking status, documented
PD-L1 expression, or practice type by exposure. There
were many instances of lack of documented testing
for PD-L1 expression in this cohort. After propensity
score matching weighting, all the potential confounders
achieved adequate balance (SMD <0.1) (Supplementary
Fig. 1).

The median OS from the start of 1L therapy was 10.8
months (95% confidence interval [CI]: 9.33–12.1) and
12.3 months (95% CI: 11.27–13.9) for patients treated
with carboplatin and cisplatin, respectively (Fig. 2A).
After propensity score matching weighting, the median
OS was 12.1 months (95% CI: 10.4–14.3) and 11.9
months (95% CI: 10.5–13.8) for patients treated with
carboplatin and cisplatin, respectively (Fig. 2B). After
propensity score matching weighting, we had insufficient
evidence to suggest an OS difference between cisplatin
and carboplatin (p ¼ 0.43). We estimated the causal
hazard ratio (HR) of cisplatin compared with carboplatin
to be 1.08 (95% CI: 0.89–1.31). We did not find evidence
for effect modification within subgroups; however, we
provided estimates of the causal effects by subgroup
(Supplementary Fig. 2).
2LTherapy—Immunotherapy Versus Single-Agent
Chemotherapy

Of the 192 patients with MPM who received 2L
therapy in this cohort, 104 patients were treated with
single-agent chemotherapy, and 88 received single or
combination immunotherapy. After propensity score
matching weighting, a slight imbalance remained in race-
ethnicity (SMD ¼ 0.12) with other potential confounders,
except for diagnosis year, achieving balance (SMD <0.1)
(Supplementary Fig. 3). Diagnosis year and race-
ethnicity were included as covariates in the primary
matching weighted models for the 2L therapy
comparisons.

The median OS from the start of 2L therapy was 4.90
months (95% CI: 3.78–6.08) and 8.05 months (95% CI:
7.13–11.43) for patients treated with chemotherapy and
immunotherapy, respectively (Fig. 3A). After propensity
score matching weighting, the median OS was 4.90
months (95% CI: 3.78–6.08) and 8.05 months (95% CI:
7.13–11.43) for patients treated with chemotherapy and
immunotherapy, respectively (Fig. 3B). After propensity
score matching weighting, there was no strong evidence
suggesting that the use of 2L immunotherapy improved
OS, though estimates of the causal effect reveal more
support for benefit than harm with an HR of 0.68 (95%
CI: 0.42–1.08, p ¼ 0.10). After adjusting for diagnosis
year and race-ethnicity, the evidence became weaker
with an HR of 0.79 (95% CI: 0.45–1.40, p ¼ 0.42).

Therewas evidence that sarcomatoid histologymay be
an effect modifier (p ¼ 0.04). 2L immunotherapy was
associated with better outcomes than single-agent
chemotherapy in patients with sarcomatoid histology,
with an HR of 0.21 (95% CI: 0.06–0.71, p ¼ 0.01). We did
not find evidence for effect modification within other
subgroups; however, we provided estimates of the causal
effects by subgroup (Supplementary Fig. 4). Furthermore,
we did not find evidence that time to second therapy was
associated with 1L platinum (p ¼ 0.45).



Figure 2. (A) Kaplan-Meier overall survival estimates for 1L platinum unadjusted analysis. (B) Kaplan-Meier overall survival
estimates for 1L platinum on the basis of propensity score weighted analysis. 1L, first-line treatment; CI, confidence interval;
HR, hazard ratio.
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Maintenance Therapy—Continuation
Pemetrexed With or Without Bevacizumab After
Completion of PC Versus No Additional Therapy

From the 1L cohort, 482 patients were identified who
were treated with 1L cisplatin or carboplatin in combi-
nation with pemetrexed with or without bevacizumab
and stopped platinum agents between 8 and 28 weeks.
Of these, 315 patients stopped both platinum and
pemetrexed and/or bevacizumab within a particular 4-
week time window, and these patients were identified
as eligible for, but not receiving, MT (no maintenance
arm, red points in Supplementary Fig. 5). The remaining
167 patients stopped platinum within the 4-week time
window but continued pemetrexed with or without
bevacizumab beyond the time window, and these pa-
tients were identified as receiving MT (maintenance arm,
blue points in Supplementary Fig. 5).

The median OS from the MT eligibility date was 8.38
months (95% CI: 7.56–10.2) and 10.58 months (95% CI:
9.26–11.9) for patients who did not receive and did
receive MT, respectively (Fig. 4A). After propensity score
matching weighting, the median OS was similar at 9.0
months (95% CI: 7.82–12.0) and 10.5 months (95% CI:
9.17–11.4) for patients who did not and who did receive



Figure 3. Kaplan-Meieroverall survivalestimatescomparing2L immunotherapyandsingle-agentchemotherapy: (A)unadjusted
analysis and (B) propensity score weighted analysis. 2L, second-line treatment; CI, confidence interval; HR, hazard ratio.
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MT, respectively (Fig. 4B). After propensity score
matching weighting and stratified by cohort, we had
insufficient evidence to find MT as beneficial (HR ¼ 0.92,
95% CI: 0.72–1.16, p ¼ 0.46). We did not find evidence
for effect modification within subgroups; however, we
provided estimates of the causal effect by subgroup
(Supplementary Fig. 6). A crude unadjusted Cox analysis
was performed for comparison each of the 1L, 2L, and MT
analyses and is reported in the Supplementary Table 1.

Discussion
To the best of our knowledge, this is the largest real-

world cohort of U.S. patients diagnosed with MPM and
analyzed by physician’s choice of 1L PC, 2L therapy, and
MT. In our 1L platinum plus pemetrexed analysis, there
was no statistically significant difference in OS by choice
of platinum agent. By applying propensity score match-
ing weights, we largely removed the confounding risk of
age and other measured variables and found an SMD of
less than 0.1 for all baseline features. This gives us
increased confidence that these baseline features are not
confounding our estimated causal effect of cisplatin on
OS. Our analysis found no evidence that cisplatin is su-
perior to carboplatin in the real-world setting; we,
therefore, conclude that carboplatin is a suitable alter-
native to cisplatin-based chemotherapy for patients with



Figure 4. Kaplan-Meier overall survival estimates comparing patients in MT and not in MT: (A) unadjusted analysis and (B)
propensity score weighted analysis. CI, confidence interval; HR, hazard ratio; MT, maintenance therapy.
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MPM, with a similar OS, and a generally improved safety
and tolerability profile. This real-world data corroborate
the previous phase 2 data exhibiting a similar PFS and
OS among the platinum agents.10

In the 2L setting, we found no statistically significant
difference in OS between patients treated with single-
agent and combination immunotherapy as compared
with single-agent chemotherapy. This is in line with
published data from randomized studies, which have yet
to report a survival benefit for 2L immunotherapy over
chemotherapy. The PROMISE-meso trial found a similar
PFS and OS of 2L pembrolizumab versus gemcitabine
plus vinorelbine in relapsed patients with MPM.24 Data
from the IFCT-1501 MAPS trial revealed that nivolumab
(n ¼ 63) and nivolumab plus ipilimumab (n ¼ 62) have
activity in relapsed patients with MPM, with objective
response rates and disease control rates that were at
least parallel to single-agent chemotherapy activity,25

but long-term data on OS are currently unavailable. In
this real-world data set, patients with MPM with sarco-
matoid histology exhibited the greatest benefit from
immunotherapy treatment (n ¼ 46) in the 2L setting.
These findings corroborate recently published data26–28

and should continue to be evaluated prospectively.
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In addition, we sought to answer the survival impact
that maintenance pemetrexed and/or bevacizumab
provided in a real-world patient population with MPM.
After propensity score matching weighting, there was
little evidence of an OS difference between patients who
received and did not receive maintenance therapy, even
when adjusted for 1L platinum therapy (Supplementary
Table 2). Our findings further support recently published
data reporting a lack of PFS and OS benefit with main-
tenance pemetrexed,12 and call this clinical practice into
question.

It is currently unclear how this real-world analysis
will impact the treatment paradigm for patients with
MPM because, in 2020, practice-changing data from the
phase 3 international CheckMate743 trial were pre-
sented and published. The investigators revealed that
the 1L combination of nivolumab and ipilimumab
exhibited a statistically and clinically significant 4-month
improvement in OS compared with platinum-
pemetrexed chemotherapy (18.1 vs. 14.1 mo, HR ¼
0.74, p ¼ 0.002).27,28 In addition, some patients in this
trial experienced durable benefit, with 2-year OS rates
approaching 41% in the combination immunotherapy
group compared with 27% in the chemotherapy
arm.27,28 The toxicity profiles were generally similar. The
regimen subsequently received Food and Drug Admin-
istration approval for 1L use in October 2020.29 It is
currently unknown how U.S.-based oncologists are using
this new data in the clinic, and whether the same ben-
efits and toxicity profiles are observed in a real-world
patient population. Specifically, patients with an ECOG
PS of greater than or equal to two were excluded from
this trial, but are often seen in medical oncology clinics.
Similarly, patients with autoimmune disease, a history of
interstitial lung disease, previous history of malignancy
within 3 years, those with prespecified abnormal labo-
ratory parameters, and those with untreated or unstable
central nervous system metastasis were excluded. Thus,
we cannot extrapolate the efficacy and toxicity data from
CheckMate 743 to this patient population and it remains
unclear what is the best treatment approach for said
patients.

This study has several limitations. An important
limitation of using real-world data abstracted from the
EHR is the completeness of the data set and the possi-
bility of unmeasured confounding. Real-world EHR data
is subject to shifting practice patterns, EHR use, testing,
and time trends, with additional variation among indi-
vidual providers and practice sites within the data set. In
this data set, there was a high degree of missingness
and/or lack of testing for PD-L1 status. As such, firm
conclusions cannot be drawn regarding the role of this
biomarker and how it should impact treatment selection
in any line.
A strength of our study is its relatively large sample
size from a deidentified nationwide cohort of U.S.-treated
patients with MPM who have medical comorbidities,
older age, and trends toward a worse PS as compared
with those patients who are enrolled in clinical trials. In
this real-world data analysis, we have addressed clini-
cally relevant questions that are unlikely to ever be
studied in prospective randomized clinical trials.

In conclusion, MPM is an aggressive malignancy
affecting older patients which creates therapeutic chal-
lenges for the practicing oncologist. In this analysis, we
found no statistically significant differences in OS by
choice of 1L PC, physician’s choice of 2L chemotherapy
versus immunotherapy, or by physician’s choice of use of
MT. As such, the selection of therapy for patients with
advanced MPM should be on the basis of shared decision
making, patient comorbidities, and ECOG PS.
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