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ABSTRACT

Introduction: Since the July 2017 National Comprehensive
Cancer Network (NCCN) malignant pleural mesothelioma
(MPM) guideline revision recommended second-line im-
mune checkpoint inhibitors (ICIs), studies have suggested a
greater response to ICI among patients with nonepithelioid
MPM. Nevertheless, little is known regarding adoption of ICI
in routine practice and if uptake differs by histologic sub-
type. Our objectives were to evaluate the real-world uptake
of second-line ICI among patients with MPM and to reveal
its association with histologic subtype.

Methods: This was a multicenter, retrospective cohort study
of real-world patients with MPM receiving at least two lines of
systemic therapy between 2011 and 2019. We found the
uptake of second-line ICI over time and evaluated the asso-
ciation between histologic subtype and ICI use, adjusting for
relevant patient demographic and clinical factors.

Results: Among the 426 patients with MPM in our cohort,
310 had epithelioid and 116 nonepithelioid histologic sub-
type. The median age was 73 years (interquartile range: 67–
78). Overall, 144 patients (33.8%) received second-line ICI
and 282 (66.2%) traditional chemotherapy. ICI uptake
began in early 2015 before the NCCN guideline revision and
increased rapidly to 2019. After the 2017 NCCN guideline
revision, patients with nonepithelioid MPM histologic sub-
types had more than 3 times the odds of receiving second-
line ICI (OR ¼ 3.26; 95% confidence interval: 1.41–7.54).

Conclusions: Among real-world patients with MPM, second-
line ICI uptake began over two years before the 2017 NCCN
guideline recommendations and was associated with non-
epithelioid histologic subtype after contemporary studies sug-
gested increased clinical benefit in this population, reflecting
prompt integration of scientific discovery into clinical practice.
� 2021 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 license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Mesothelioma; Immunotherapy; Histology; Real-
world evidence; Uptake
JTO Clinical and Research Reports Vol. 2 No. 6: 100188

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:avachani@pennmedicine.upenn.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jtocrr.2021.100188
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtocrr.2021.100188&domain=pdf


2 Kim et al JTO Clinical and Research Reports Vol. 2 No. 6
Introduction
Malignant pleural mesothelioma (MPM) is a rare, le-

thal cancer with survival differences by histologic sub-
type.1 Epithelioid MPM comprises 60% to 70% of all
diseases and is associated with a median overall survival
of 12 to 27 months, whereas nonepithelioid (sarcoma-
toid and biphasic) histologic subtypes are less common
and associated with a worse prognosis.2 The goal of
systemic treatment is palliative rather than curative.
Pemetrexed and cisplatin, chemotherapeutic agents,
have formed the backbone of first-line systemic therapy
since 2003,3 and there is no consensus agreement on
subsequent lines of systemic therapy.4,5

In the past decade, the use of immune checkpoint
inhibitors (ICIs) of programmed cell death-protein 1
(PD-1) and CTLA-4 (anti–PD-1 and anti–CTLA-4 agents),
which enhance T-cell–mediated antitumor activity, has
led to marked clinical responses in several malig-
nancies,6,7 resulting in a paradigm shift in cancer treat-
ment. In MPM, the immune system plays a major role in
disease pathogenesis, fostering optimism that ICI ther-
apy might benefit patients with MPM as well.1,8 Several
nonrandomized phase 1 and 2 clinical trials have
revealed the safety of ICI for patients with MPM and
suggested potential efficacy, with 12-week disease con-
trol rates ranging from 47% to 72%.9-12 As a result, the
National Comprehensive Cancer Network (NCCN) MPM
treatment guideline was revised on July 7, 2017, to
include pembrolizumab and nivolumab (anti–PD-1
agents) with or without ipilimumab (an anti–CTLA-4
agent) as options for subsequent lines of systemic
therapy.13

Interestingly, observational studies published shortly
after the NCCN guideline revision have suggested that
nonepithelioid MPM may be more responsive to ICI than
epithelioid MPM.14,15 Moreover, the results of a phase 3
trial comparing first-line nivolumab and ipilimumab
with chemotherapy revealed evidence of a greater ICI
treatment effect among patients with nonepithelioid
histologic subtypes compared to those with the epithe-
lioid subtype.16 The results of these studies suggest that
among patients with nonepithelioid MPM, ICI may be
preferable to traditional chemotherapy.

Although the U.S. Food and Drug Administration
(FDA) approved ICI for first-line MPM treatment on
October 2, 2020, it is unknown when off-label ICI uptake
for second-line MPM treatment began in routine clinical
practice. Previous studies have reported that approxi-
mately 30% of prescribed cancer therapies in the U.S.
represent off-label use often endorsed by NCCN guide-
lines,17,18 and given the rarity of MPM and lack of
effective therapies, there has been considerable opti-
mism for off-label ICI use.8,19 In addition, it is unclear
whether the recent studies revealing differential re-
sponses to ICI by MPM histologic subtype have influ-
enced real-world treatment selection. To further
understand ICI adoption in this rare malignancy with
limited other therapeutic options, we calculated the real-
world uptake of second-line ICI among patients with
MPM who received traditional first-line chemotherapy
and explored the influence of MPM histologic subtype on
ICI uptake before and after the 2017 NCCN MPM
guideline revision.

Materials and Methods
Data Source

We conducted a retrospective, multicenter cohort
study of patients with MPM using deidentified electronic
health record (EHR) data from the Flatiron Health
database,20 which contains patient-level, longitudinal
data, including demographics, treatments, and disease-
specific details, and is a representative sample of the
U.S. oncology population with respect to age, sex, and
geography.21 The Flatiron Health database comprises
structured data (e.g., demographics and prescribed
drugs) and data from unstructured sources (e.g., physi-
cian notes and histopathology reports) curated by means
of technology-based abstraction techniques.21,22 The
data set delivered for this study comprised 2170 pa-
tients diagnosed with MPM who received care at 133
distinct American cancer clinics between January 1,
2011, and December 31, 2019, and were similar in age,
sex, and race or ethnicity to the U.S. population of pa-
tients with MPM according to estimates of disease inci-
dence in the Surveillance, Epidemiology, and End Results
data from 2017.23 The University of Pennsylvania Insti-
tutional Review Board approved this study and waived
the requirement for written informed consent because
all data were deidentified and collected as part of a
routine clinical practice.

Study Population
Our study cohort was selected from a broader Flat-

iron Health database cohort, including patients who had
a diagnosis of MPM (International Classification of Dis-
eases [ICD]-9 163.x, ICD-10 C38.4, or ICD-10 C45x), from
January 1, 2011, to December 31, 2019, abstraction-
confirmed histopathology reports consistent with MPM,
and at least two visits within the database. We included
patients aged 18 years or older who received at least two
lines of systemic treatment for MPM. We limited our
study to patients who received first-line chemotherapy
concordant with the NCCN MPM guidelines.13 Because
our goal was to evaluate the role of MPM histologic
subtype in the adoption of second-line ICI, we excluded
patients with missing histologic subtype data and those



Flatiron Health MPM cohort:
• ICD-9 163.x, ICD-10 C38.4, or ICD-10 C45x
• Pathology consistent with MPM
• >2 visits within the database

n = 2170

Limited to:
• Age >18 years
• >1 line of systemic therapy

n = 1440

Received second-line systemic therapy
n = 590

Excluded:
• NCCN guideline discordant 

first-line therapy (n = 73)
• NCCN guideline discordant 

second-line therapy (n = 38)
• Missing histologic subtype 

data (n = 53)
Analytic sample

n = 426

Second-line traditional 
chemotherapy

n = 282

Second-line immune 
checkpoint inhibitor therapy

n = 144

Figure 1. Assembly of the analytical sample. From the Flatiron Health MPM cohort, the analytical sample was created by
selecting adult patients who received at least two lines of systemic therapy and excluding those who received NCCN
guideline-discordant first- or second-line therapies and those who had missing MPM histologic subtype data. The analytical
sample included 426 patients with MPM who received NCCN guideline-concordant second-line systemic therapy. NCCN
guideline-concordant first-line therapies included pemetrexed, carboplatin/cisplatin, bevacizumab, gemcitabine, vinor-
elbine, and combinations of these medications. NCCN guideline-concordant second-line therapies included traditional
chemotherapy (pemetrexed, carboplatin/cisplatin, bevacizumab, gemcitabine, vinorelbine, and combinations of these
medications) and immune checkpoint inhibitor therapy (pembrolizumab and nivolumab ± ipilimumab). ICD, International
Classification of Diseases; MPM, malignant pleural mesothelioma; NCCN, National Comprehensive Cancer Network.
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receiving second-line therapies not recommended by the
NCCN MPM guidelines (e.g., clinical trial treatments). In
this way, patients included in the final analytical sample
each received first-line chemotherapy concordant with
the 2017 NCCN MPM guidelines and one of the following
two distinct categories of second-line systemic therapy:
traditional chemotherapy (i.e., pemetrexed, carboplatin/
cisplatin, bevacizumab, gemcitabine, vinorelbine, or
combinations of these medications) or ICI (i.e., pem-
brolizumab or nivolumab ± ipilimumab). Assembly of
the analytical sample is summarized in Figure 1.

Data Collection
Demographic and clinical data available for analysis

included age, sex, race, start of second-line therapy, MPM
histologic subtype (epithelioid and nonepithelioid [i.e.,
sarcomatoid or biphasic]), time since start of first-line
therapy, baseline Eastern Cooperative Oncology Group
(ECOG) performance status, center volume (low and
high), type of insurance (Medicare/Medicaid, commer-
cial health plan, other), programmed death-ligand 1 (PD-
L1) status (immunohistochemical staining percentage),
MPM clinical stage, and previous surgical resection for
MPM. ECOG performance status was dichotomized into
low (ECOG 0–1) and high (ECOG 2–4) categories, with
higher scores associated with increased levels of func-
tional disability.24 High-volume centers were defined as
those contributing greater than or equal to 20 patients
each to the study cohort, whereas low-volume centers
each contributed to less than 20 patients.

Data Analysis
We used descriptive statistics to evaluate the de-

mographics and clinical characteristics of patients with
MPM receiving second-line systemic therapy. Continuous
variables were described with medians and interquartile
ranges, and categorical variables were described with
the numbers and percentages of observations. Differ-
ences in the demographics and clinical characteristics
between patients with epithelioid and nonepithelioid
MPM were summarized using the Wilcoxon ranked sum
test for continuous variables and the Pearson’s chi-
square test for categorical variables. Beginning with
January 2015 (i.e., the first month that both recom-
mended ICI therapies were available for off-label use)
and ending with December 2019, we used a cumulative
uptake measure to determine the total number and
proportion of patients receiving ICI each month. Patients
receiving second-line ICI each month were maintained in
the respective numerators, whereas patients becoming
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eligible to receive second-line ICI each month (i.e., pa-
tients who received second-line systemic therapy) were
maintained in the respective denominators for the
remainder of the study to calculate cumulative assess-
ments. The cumulative uptake of second-line ICI was
determined for both the overall cohorts and stratified by
the specific ICI regimen and by MPM histologic subtype.

We evaluated the association between MPM histologic
subtype and receipt of second-line ICI using univariable
and multivariable logistic regression models. We decided a
priori to evaluate the timing of second-line systemic
therapy before and after the NCCNMPM guideline revision
on July 7, 2017, as an effect modifier for this association
using the Mantel-Haenszel test of homogeneity as part of a
stratified analysis (statistical significance defined with a
two-sided p < 0.10). Our stratified analysis revealed that
MPM histologic subtype was associated with receipt of ICI
only after the NCCN MPM guideline revision (Mantel-
Haenszel test of homogeneity, p ¼ 0.079); thus, all logistic
regression models included an interaction term for the
association between MPM histologic subtype and whether
start of second-line therapy was before or after the NCCN
guideline revision. The final multivariable model was
adjusted for age, race, sex, ECOG performance status,
clinical center volume, and type of insurance—chosen a
priori for clinical relevance.25-27 We did not include PD-L1
status or MPM clinical stage as covariates in the final
model owing to the high degrees of missingness in the
data set and did not include time since start of first-line
therapy as this was highly correlated with MPM histolog-
ic subtype (Pearson’s chi-square test, p < 0.001). We used
multiple imputation by chained equations to impute
missing values for race, ECOG performance status, and
insurance.28 On the basis of our original data set, we
generated 20 multiply imputed data sets, and estimates
from these data sets were combined using standard
methods provided in Stata/IC, version 16.1.29 All logistic
regression analyses were performed on the imputed data
set. We performed sensitivity analyses for the association
between MPM histologic subtype and second-line ICI
excluding patients with missing data for race, ECOG per-
formance status, or insurance, patients who had greater
than 12-month delays in initiation of first-line systemic
therapy, and patients receiving second-line systemic
therapy before the year 2015. Statistical significance was
defined with a two-sided p value less than 0.05 unless
otherwise specified, and all analyses were conducted using
Stata/IC, version 16.1.
Results
Patient Demographics and Characteristics

Of the 426 patients with biopsy-proven MPM diag-
nosed between January 2011 and December 2019 who
received first- and second-line systemic therapies rec-
ommended by the 2017 NCCN MPM guidelines, 310
(72.8%) had epithelioid and 116 (27.2%) nonepithelioid
histologic subtypes (48 sarcomatoid, 68 biphasic). Pa-
tient demographics and clinical characteristics are pre-
sented by histologic subtype in Table 1. Overall, the
median age was 73 years (interquartile range [IQR]: 67–
78). Most patients were white, and 89% did not undergo
a surgical resection procedure for MPM. The median
time between the start of first- and second-line therapies
was 8.58 months (IQR: 4.67–13.07 mo). Compared with
patients with the epithelioid histologic subtype, those
with nonepithelioid MPM were more likely to be male
(82.8% versus 70.0%, p ¼ 0.008), had reduced time
between the initiation of first- and second-line therapies
(median ¼ 4.67 [IQR: 2.77–8.90] versus 9.80 [IQR: 6.43–
14.63], p < 0.001), and had more advanced disease
(stage IV disease: 44.0% versus 28.7%, p ¼ 0.003).
Uptake of ICI Therapy
Overall, 144 patients (33.8%) received second-line

ICI and 282 (66.2%) traditional chemotherapy (Fig. 1).
Uptake of second-line ICI in our real-world cohort began
in 2015 (Fig. 2A). In each subsequent year, a higher
proportion of patients received second-line ICI (Pear-
son’s chi-square test, p < 0.001). Beginning the first
quarter of 2016, rapid and sustained adoption of second-
line ICI occurred, largely driven by pembrolizumab up-
take (Fig. 2B). Before the July 2017 NCCN MPM guideline
revision, the cumulative proportion of eligible patients
who received second-line ICI had reached 27.4% (45 of
164 patients). By the end of the study period (December
2019), this had increased to 45.3% (144 of 318 pa-
tients). Before the July 2017 NCCN MPM guideline revi-
sion, there was similar cumulative ICI uptake by MPM
histologic subtype (Fig. 2C; July 2017: 28.2% versus
27.2%). After the guideline change, there was greater
uptake among patients with nonepithelioid histologic
subtypes (December 2019: 55.8% versus 41.4%).
Association of MPM Histologic Subtype With
Second-Line ICI Therapy

The unadjusted and adjusted (for age, sex, race, ECOG
performance status, center volume, and type of insur-
ance) ORs for receipt of second-line ICI are presented in
Table 2. After the 2017 NCCN MPM guideline revision,
patients with nonepithelioid MPM were more likely to
receive second-line ICI (unadjusted OR ¼ 2.50; 95%
confidence interval [CI]: 1.15–5.41). The effect persisted
after adjustment for demographic and clinical factors in
the multivariable model (adjusted OR ¼ 3.26; 95% CI:
1.41–7.54). In the prespecified sensitivity analyses, these
findings were not substantially altered when excluding



Table 1. Demographic and Clinical Characteristics of Patients With MPM Receiving Second-Line Systemic Therapy

Variables Total (N ¼ 426) Epithelioid (n ¼ 310) Nonepithelioida (n ¼ 116)

Age quartile, y
46–67 115 (27.0) 81 (26.1) 34 (29.3)
68–73 106 (24.9) 76 (24.5) 30 (25.9)
74–78 118 (27.7) 83 (26.8) 35 (30.2)
79–84 87 (20.4) 70 (22.6) 17 (14.7)

Sex
Female 113 (26.5) 93 (30.0) 20 (17.2)
Male 313 (73.5) 217 (70.0) 96 (82.8)

Race or ethnicityb

White 321 (75.4) 233 (75.2) 88 (75.9)
Black or African American 19 (4.5) 16 (5.2) 3 (2.6)
Asian 4 (0.9) 4 (1.3) 0 (0)
Hispanic or Latinx 13 (3.1) 11 (3.5) 2 (1.7)
Other 45 (10.6) 30 (9.7) 15 (12.9)
Missing 24 (5.6) 16 (5.2) 8 (6.9)

Start of second-line therapyc

Before NCCN guideline revision 270 (63.4) 202 (65.2) 68 (58.6)
After NCCN guideline revision 156 (36.6) 108 (34.8) 48 (41.4)
Time since start of first-line therapy, mo 8.58 (4.67–13.07) 9.80 (6.43–14.63) 4.67 (2.77–8.90)

ECOG performance statusd

0–1 292 (68.5) 222 (71.6) 70 (60.3)
2–4 45 (10.6) 27 (8.7) 18 (15.5)
Missing 89 (20.9) 61 (19.7) 28 (24.1)

Treatment center volumee

Low 229 (53.8) 166 (53.5) 63 (54.3)
High 197 (46.2) 144 (46.5) 53 (45.7)

Type of insurance
Medicare/Medicaid 154 (36.2) 115 (37.1) 39 (33.6)
Commercial health plan 126 (29.6) 83 (26.8) 43 (37.1)
Other 134 (31.5) 105 (33.9) 29 (25.0)
Missing 12 (2.8) 7 (2.3) 5 (4.3)

MPM clinical stage
I–II 45 (10.6) 37 (11.9) 8 (6.9)
III 84 (19.7) 69 (22.3) 15 (12.9)
IV 140 (32.9) 89 (28.7) 51 (44.0)
Missing 157 (36.9) 115 (37.1) 42 (36.2)

PD-L1 statusf

<5% 37 (8.7) 32 (10.3) 5 (4.3)
5%–49% 27 (6.3) 18 (5.8) 9 (7.8)
>50% 17 (4.0) 9 (2.9) 8 (6.9)
Missing 345 (81.0) 251 (81.0) 94 (81.0)

Prior surgical resection for MPMg

No 378 (88.7) 268 (86.5) 110 (94.8)
Yes 48 (11.3) 42 (13.5) 6 (5.2)

Asbestos exposure
No 75 (17.6) 58 (18.7) 17 (14.7)
Yes 285 (66.9) 202 (65.2) 83 (71.6)
Missing 66 (15.5) 50 (16.1) 16 (13.8)

Note: Values are given in n (%) or median (IQR).
aSarcomatoid (n ¼ 48) and biphasic (n ¼ 68) histologic subtypes.
bSelf-reported race or ethnicity abstracted from electronic health records.
cThe NCCN guideline for MPM treatment was revised to include immune checkpoint inhibitor therapy as an option for second-line therapy on July 7, 2017.
dBaseline ECOG performance status; grades range from 0 to 4, with higher scores associated with increasing levels of functional disability.
eHigh-volume centers were defined as those contributing greater than 20 patients each to the study cohort, whereas low-volume centers each contributed less
than 20 patients.
fHighest MPM tumor PD-L1 immunohistochemical staining percentage determined before the start of second-line systemic therapy.
gSurgical resections for MPM included extrapleural pneumonectomy and pleurectomy/decortication procedures.
ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; MPM, malignant pleural mesothelioma; NCCN, National Comprehensive Cancer Network;
PD-L1, programmed death-ligand 1.
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Figure 2. Uptake of second-line ICI therapy. (A) Receipt of second-line ICI therapy was significantly associated with the year
of second-line therapy (Pearson’s chi-square test, p < 0.001). ICI therapy included pembrolizumab and nivolumab ± ipili-
mumab. Traditional chemotherapy included pemetrexed, carboplatin/cisplatin, bevacizumab, gemcitabine, vinorelbine, and
combinations of these medications. (B) Cumulative uptake of second-line ICI therapy among patients with MPM who had
received traditional first-line chemotherapy concordant with the NCCN MPM guidelines. The vertical dashed lines in Figure 2B
and C identify July 2017, when the NCCN MPM guideline was revised to include ICI therapy as an option for second-line
systemic therapy. (C) Cumulative uptake of second-line ICI therapy by MPM histologic subtype. The start of second-line
therapy before or after the NCCN guideline revision was a significant effect modifier for the association between MPM his-
tologic subtype and receipt of ICI therapy (Mantel-Haenszel test of homogeneity, p ¼ 0.079). Dec, December; ICI, immune
checkpoint inhibitor; Jan, January; Jun, June; Mar, March; MPM, malignant pleural mesothelioma; NCCN, National
Comprehensive Cancer Network; Sep, September.
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Table 2. Association of MPM Histologic Subtype With Second-Line Immune Checkpoint Inhibitor Therapy

Unadjusted OR (95% CI) p Value Adjusted OR (95% CI)a,b p Value

Before NCCN guideline revisionc

Epithelioid 1 (reference) 0.900 1 (reference) 0.767
Nonepithelioidd 0.95 (0.45–2.01) 1.12 (0.52–2.44)

After NCCN guideline revision
Epithelioid 1 (reference) 0.021 1 (reference) 0.006
Nonepithelioid 2.50 (1.15–5.41) 3.26 (1.41–7.54)

aAdjusted for age quartile (46–67, 68–73, 74–78, 79–84 y), sex (female, male), race (nonwhite, white), ECOG performance status (0–1, 2–4), center volume (low,
high), and type of insurance (Medicare/Medicaid, commercial health plan, other).
bMultiple imputation was used for missing ECOG performance status, race, and insurance data.
cThe NCCN guideline for MPM treatment was revised to include immune checkpoint inhibitor therapy as an option for second-line therapy on July 7, 2017.
dNonepithelioid histologic subtypes include sarcomatoid and biphasic MPM.
CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; MPM, malignant pleural mesothelioma; NCCN, National Comprehensive Cancer Network.
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patients with missing race, ECOG performance status, or
insurance data, patients who had a greater than 12-
month delay in initiation of first-line therapy, or pa-
tients receiving second-line therapy before the
year 2015.

Discussion
In this retrospective cohort study of real-world pa-

tients with MPM receiving second-line systemic therapy,
rapid off-label uptake of second-line ICI began over 2
years before the inclusion of ICI in the NCCN MPM
guidelines. Although ICI use was first observed in 2015,
there was a sustained increase in second-line ICI use
between early 2016 and the end of 2019. After the 2017
NCCN MPM guidelines recommended ICI as subsequent-
line therapy, patients with nonepithelioid histologic
subtypes had more than three times the odds of
receiving second-line ICI compared with those with the
epithelioid subtype. These results reveal that oncologists
treating MPM have been early adopters of ICI and may
have informed their choice of therapy on the basis of
contemporary data that suggested greater benefit in
nonepithelioid tumors.

Historically, the adoption of medical innovations into
clinical practice has been described to lag an estimated
17 years behind initial research publications30-33; how-
ever, several recent studies have suggested a movement
toward earlier uptake of novel therapies, especially in
the context of life-threatening malignancies.34-37

Although rapid adoption of novel therapies on the ba-
sis of efficacious early clinical trial results offers the
potential of expedited benefit to patients, serious con-
cerns regarding the safety, effectiveness, and applica-
bility of these agents in a real-world population have
been raised.30,34,35,38-40 In this context, our findings
revealing real-world early adoption of ICI in MPM—a
disease for which clinical treatment guidelines advocate
for the use of off-label therapies4,5,13—represents a
microcosm of the current state of diffusion,
dissemination, and implementation of innovation in
modern medicine. By late 2014, when early observa-
tional studies first revealed the presence of PD-L1
expression in MPM,41,42 pembrolizumab, nivolumab,
and ipilimumab had each already been FDA approved for
advanced melanoma treatment and, thus, were available
for off-label MPM treatment. Given the tragically poor
prognoses of patients with MPM experiencing disease
progression after standard-of-care first-line therapy and
minimal effectiveness of available second-line therapies,
oncologists integrated these preliminary data into their
practice rapidly without waiting for clinical trial evi-
dence.41,42 Moreover, given the overall success of ICI in
treating other malignancies and the perceived favorable
safety profile compared with traditional chemotherapy,
early enthusiasm for off-label ICI use in MPM treatment
has been robust.8,19 Although rapid adoption of ICI may
reflect rational decision making among clinicians to
provide an opportunity for improved survival to patients
with very poor prognoses, adoption that is too rapid can
also result in harm if there is insufficient information on
clinical outcomes, including potential toxicities.

Compared with patients with MPM included in ICI
clinical trials, the real-world patients included in our
study had notable sociodemographic and disease-
specific differences.9-11,16,43,44 For example, our cohort
was older (median age of 73 y), more diverse (19% were
nonwhite), and had poorer performance status (11%
ECOG 2–4) compared with patients included in previous
phase 1 to 3 trials of ICI in MPM. Thus, despite important
differences in characteristics and prognoses among real-
world patients compared with those within clinical trials,
we found that off-label, second-line ICI uptake has been
rapid and sustained since 2015.

Our finding of increased second-line ICI use among
patients with nonepithelioid MPM after the 2017 NCCN
guideline revision suggests that oncologists may have
been influenced by contemporaneous early evidence
revealing enhanced ICI efficacy in nonepithelioid
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compared with epithelioid MPM.14,15 For example, a
2018 observational study revealed that treatment with
pembrolizumab was associated with an improved dis-
ease control rate and progression-free survival among
patients with nonepithelioid MPM.14 It is possible that
oncologists treating patients in our study cohort had
similar clinical experiences that influenced their de-
cisions to increasingly use second-line ICI among pa-
tients with nonepithelioid histologic subtypes.
Nevertheless, more recent clinical trial data have failed
to reveal meaningful differences in patient outcomes by
MPM histologic subtype for second-line ICI compared
with chemotherapy.44

Aside from the possibility of increased efficacy of ICI
in nonepithelioid MPM, clinicians may have been moti-
vated to use ICI by the inherently worse prognosis
associated with nonepithelioid MPM tumors.45 In fact, a
recent study evaluating clinician decision-making pat-
terns for second-line treatment of SCLC—a disease
similarly associated with a dismal prognosis—deter-
mined that real-world practice may vary by disease
aggressiveness, regardless of guideline recommenda-
tions.46 In SCLC, nivolumab received accelerated FDA
approval as third-line therapy in 2018 and pem-
brolizumab as second-line therapy in 2019 on the basis
of single-arm, phase 1/2 clinical trial evidence. Similarly
to MPM, adoption of ICI in SCLC was relatively rapid in
the absence of robust trial evidence. This has raised
concerns regarding the uncertainty regarding survival
and toxicity outcomes, particularly among older patients
and those with poorer performance status (i.e., ECOG >

2).47

Most previous studies using real-world data to eval-
uate ICI use in other malignancies, such as NSCLC, have
determined ICI uptake and outcomes after FDA approval
for that indication.34,48 In contrast, our study evaluated
off-label ICI use before FDA approval and to our
knowledge is one of few such studies across any type of
malignancy. Despite being first recommended for use as
second-line therapy by the NCCN in 2017, ICI (nivolu-
mab and ipilimumab) remains only FDA approved for
first-line therapy on the basis of improved survival
observed in CheckMate 743, which was initially reported
in 2020.16 In the second-line setting, the clinical benefit
of ICI remains uncertain. Although the preliminary re-
sults of the CONFIRM trial recently reported a survival
benefit for nivolumab compared with placebo,43 the
PROMISE-meso trial reported no difference in outcomes
between second-line pembrolizumab and chemo-
therapy.44 That we have reported off-label uptake of
second-line ICI for MPM between 2015 and 2019 high-
lights the willingness of oncologists to trial novel ther-
apies before the availability of high-quality trial evidence
and despite lack of FDA approval for this indication.
Major strengths of our study are its generalizability,
given its use of a contemporary and nationally repre-
sentative cohort with nearly a decade of real-world EHR
data, which allowed us to evaluate treatment patterns
over time. The primary limitation of our study, given its
retrospective and nonrandomized nature, is the possi-
bility of unmeasured confounding. Although we adjusted
for age, sex, race, ECOG performance status, center vol-
ume, and type of insurance and accounted for time in our
analyses, it is possible that other important unmeasured
clinical factors might be distorting our findings. For
example, a key variable with a considerable amount of
missingness in our data set was PD-L1 expression,41,42

which limited our ability to evaluate the impact of this
factor on treatment selection. Nevertheless, an unmea-
sured confounder would need to be associated with both
second-line ICI receipt and histologic subtype by a risk
ratio of 3.01-fold each—above and beyond the measured
confounders—to explain away the observed adjusted OR
of 3.26.49,50 Second, as our data were EHR derived, we
had missing values for race, ECOG performance status,
and type of insurance. To address this, we used multiple
imputation to account for missing data, and our sensi-
tivity analysis excluding missing data was consistent
with our main results. In addition, ECOG performance
status at the time of second-line therapy was unavailable
for most patients, so we used baseline ECOG perfor-
mance status as a measure of fitness for treatment.
Lastly, as the primary focus of this study was to better
understand real-world treatment patterns over time, we
did not evaluate patient-centered clinical outcomes, such
as overall survival. Nevertheless, we plan to perform
future studies to determine if second-line ICI is associ-
ated with improved outcomes as suggested by previous
studies. Despite these limitations, our study is the first to
characterize second-line ICI uptake in a multicenter
cohort of patients with MPM treated as part of routine
clinical practice.

In summary, our study found that real-world uptake
of second-line ICI among patients with MPM began over
two years before NCCN guideline recommendations and
increased in time. After the NCCN guideline revision,
clinicians preferentially prescribed second-line ICI for
patients with nonepithelioid MPM, potentially influenced
by contemporary observational and clinical trial evi-
dence supporting this decision. In striking contrast to
previously cited historical delays in the adoption of
medical innovations,31,33 our findings suggest that on-
cologists treating MPM promptly integrate the results of
important scientific discoveries into clinical practice,
especially among patients with poor prognoses. Similar
to the reported speed of ICI uptake for the treatment of
other malignancies,34 the adoption of ICI for MPM
treatment occurred rapidly in our study. As ICI therapies
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become more commonplace for MPM treatment and
future studies elucidate their clinical effectiveness, it will
be crucial to interpret results in the context of MPM
histologic subtype and any association with biomarkers
of response (e.g., PD-L1 expression).
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