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Improving outcomes in malignant pleural mesothelioma in an
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Background: Malignant pleural mesothelioma (MPM) is a rare and aggressive tumor that should be
managed by an experienced surgical and multidisciplinary group. Our objective was to determine the impact
of proficient surgeons and MPM bi-disciplinary review on outcomes of patients with MPM.

Methods: Through this cohort study, electronic medical records of 368 adult patients with MPM from
1/1/2009 to 12/31/2020 were reviewed and compared before and after MPM surgeries were regionalized
to specialized surgeons and bi-disciplinary review of MPM patient treatment options. We used the Kaplan-
Meier method and log-rank tests to compare survival rates by period, by treatment type, and by stage.
Patients were followed from cancer diagnosis date until they died or end of study follow-up, whichever
occurred first. We also conducted Cox proportional hazards regression model to examine the overall survival
(OS) with adjustments for age, histology, stage, and Charlson comorbidity index (CCI).

Results: Despite similar staging, more patients received any MPM directed treatment from 2015-2020
compared with those patients from 2009-2014. Specifically, there was an increase in patients who received
pleurectomy/decortication (PD) from 2015-2020 compared to those who received PD in 2009-2014.
Patients with similar age, CCI, stage, and histology had an increase in OS of 12 months with multimodality
therapy (surgery, systemic therapy, +/- radiation) compared to those patients who received no treatment.
Conclusions: Consolidating mesothelioma surgery to a specialized surgical team and regular bi-
disciplinary review of MPM cases to determine appropriate multimodality therapy, increases the

incorporation of surgical treatments in the management of patients with MPM.
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regionalization; overall survival (OS)
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Introduction

Malignant pleural mesothelioma (MPM) is a rare cancer that
is linked to asbestos exposure and has a long latency period
of up to 40 years (1,2). MPM is associated with a median
survival of 4-12 months without treatment (3). There are
three main histological subtypes of MPM: epithelioid,
sarcomatoid, and biphasic, which determine prognosis.

There is no consensus for optimal treatment of MPM
due to limited number of randomized controlled trials given
the rarity of this disease. National Comprehensive Cancer
Network (NCCN) guidelines recommend patients with
MPM should be managed by a skilled multidisciplinary
team with experience in MPM management (4).
Multidisciplinary review and regionalization, the shifting of
patient care to designated centers within a certain region,
improves outcomes in patients with non-small cell lung
cancer (5-7). Little is known about regionalization of MPM
surgeries to a specialized surgeon.

In 2014, Kaiser Permanente Northern California
(KPNC), an integrated health care system, regionalized
surgical care for MPM to increase specialization and
standardization of surgery. In 2017, the authors introduced
a regional bi-disciplinary tumor board to increase
specialization and standardization of diagnosis and
systemic therapy. The aim of this study was to investigate
whether patients with MPM received more treatment after
regionalizing MPM surgeries and institution of a MPM
bi-disciplinary review. In surgical patients, we evaluated
complication rates before and after regionalization. We
hypothesized that eligible patients with MPM would receive
increased treatment in the later cohort. We present the
following article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-427/rc).

Methods

Through this cohort study, electronic medical records of
368 adult patients with histologically confirmed MPM from
1/1/2009 to 12/31/2020 were retrospectively reviewed at
KPNC. The number of patients included was determined
by the number of new diagnoses of MPM during the
study period. We compared patient demographics, clinical
characteristics, and outcomes between two periods:
2009-2014 and 2015-2020. The reasons for choosing
these two periods are regionalization of MPM surgeries
to one surgeon at one surgical center starting in 2014 and
initiation of a weekly bi-disciplinary team review starting in
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2017 at KPNC. Prior to 2014, mesothelioma surgeries were
performed at two sites by two surgeons with a low volume
of annual mesothelioma cases. Surgical selection criteria
were similar in the two cohorts. Select patients with bi-
phasic histology underwent surgery, in addition to patients
with epithelioid histology. Sample size limited an effective
comparison among three periods. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by institutional review
board of KPNC (No. 00001045) and individual consent for
this retrospective analysis was waived.

The bi-disciplinary team consisted of medical oncology
and thoracic surgery representatives. Representatives from
pathology and radiology were consulted by the tumor board
as needed. All mesothelioma cases were obtained through
our institution’s internal data management division. Cases
were ascertained starting in 2017, using natural language
processing to develop an algorithm that mines free-text
pathology reports to identify new cases of mesothelioma on
a weekly basis. The pathology reports were subsequently
verified, and the cases were reviewed during the weekly bi-
disciplinary tumor board. The mesothelioma team worked
with the programmers to optimize the algorithm over the
first 6 months. Eligibility criteria include current KPNC
membership, at least 18 years of age at diagnosis, and
recent diagnosis of MPM. During the bi-disciplinary virtual
review, clinical stage was confirmed based on CT scan
with subsequent PET/CT scan performed as needed for
surgical consideration. Pathology was reviewed with clear
documentation on specific histology (epithelioid, biphasic,
or sarcomatoid) on the pathologic report, and referrals were
made to the designated mesothelioma surgeon, medical
oncology and/or radiation oncology when appropriate,
based on NCCN guidelines. Patient’s undergoing surgery
were intended to receive adjuvant systemic therapy, while
radiation was not commonly administered as part of
adjuvant treatment. We chart reviewed to confirm MPM
stage and histology. Twelve patients had missing MPM
stage due to incomplete staging imaging. Patients with
missing stage were excluded from the final analyses.

For surgical patients, we compared their characteristics
by early and later periods. More extrapleural
pneumonectomies (EPP) were performed during the early
period, and more pleurectomy/decortications (PD) were
performed in the later period due to changes in practice at
our institution, related to influences from the MARS trial
results (8). EPP was performed in the standard fashion
with exploratory thoracotomy, complete EPP, resection

7 Thorac Dis 2022;14(9):3352-3363 | https://dx.doi.org/10.21037/jtd-22-427


https://jtd.amegroups.com/article/view/10.21037/jtd-22-427/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-427/rc

3354

of the pericardium with reconstruction with Gore-Tex
mesh, resection of the diaphragm with reconstruction
with Gore-Tex mesh, and complete mediastinal lymph
node dissection. PD consisted of exploratory thoracotomy,
extended radical parietal and visceral pleurectomy, resection
of the pericardium with reconstruction with bovine
pericardium mesh, complete resection of the diaphragm
with reconstruction using porcine-derived acellular dermal
matrix (STRATTICE Reconstructive Tissue Matrix) mesh,
and complete mediastinal lymph node dissection. At the
time of cytoreductive surgery, betadine scrub was used as
an adjunctive treatment. Patients are discharged home after
surgery with Blake drains to proactively prevent prolonged
effusion or complications arising from air leak. Both,
EPP and PD operations performed in both study periods
consisted of planned gross complete macroscopic resection
(R1). Operations involving extensive tumor invasion or
partial resections (R2) were included in this study and went
on to receive systemic therapy. Post-operative complications
within 30 days of EPP or PD were defined as anemia, atrial
fibrillation/atrial flutter, chyle leak, prolonged supplemental
oxygen, hypotension, mucous plug, pneumonia, pericardial
effusion, remained intubated post-operatively, prolonged
initial intubation (>48 hours), stroke, acute respiratory
failure, cardiac arrest, empyema, venous thromboembolism,
urinary retention, urinary tract infection, wound infection,
reintubation, pleural effusion, tracheostomy, bronchopleural
fistula, and re-operation. Post-operative complications were
reviewed and confirmed by manual review of electronic
medical records.

Statistical analysis

We conducted a multivariable logistic regression to
examine the associations with receiving any treatment and
period with adjustments for age, gender, histology, stage,
and Charlson comorbidity index (CCI) at time of cancer
diagnosis (9,10). We used the Kaplan-Meier method and
log-rank test to compare survival rates by period, treatment
type, and stage. The endpoint was death from all causes.
Patients were followed from cancer diagnosis date until they
died or end of study follow-up (May 31, 2021), whichever
occurred first. Ten patients who left our institution prior
to the study end point were censored from the study. We
also conducted Cox proportional hazards regression model
to examine the associations between overall survival (OS)
and period with adjustments for any treatment, age, gender,
histology, stage, and CCI at cancer diagnosis. Comparisons
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Ossowski et al. Improved outcomes in MPM

of patient characteristics were assessed in bivariate analyses
using Chi-square or Fisher exact tests for categorical
variables and the Student #-test for continuous variables. All
analyses were performed using SAS v.9.4 (Cary, NC, USA).

Results

Demographic data showed similar patient characteristics
from the early to later periods for the included 368 patients
with MPM except for histology and CCI, which was higher
in the later period cohort (7able 1). We note the difference
in CCIs may have been affected by the ICD coding switch
from ICD-9 to ICD-10 in September 2015, with the ICD-
10 using additional codes. There was no missing data for
variables, other than stage. Despite similar age, staging
and inclusion of patients with greater CCls, more patients
received any MPM directed treatment in the later period
from 2015-2020 (n=124, 63.0%) compared with those
patients in the early period from 2009-2014 (n=75, 43.9%,
P<0.0001, Table 1). When evaluating patients with stage
I-II epithelioid MPM, we found a 39% increase in any
treatment offered to these eligible patients from the early to
later periods. We did not see an increase in administration
of systemic therapy with or without radiation from the early
period to the later period. Thirty eight percent of patients
received systemic therapy +/- radiation in early period
compared to 41% in the later period (Figure I). A significant
difference was noted in surgical management with 6%
of patients receiving surgery in the early period, whereas
22% of patients received surgery during the later period,
P<0.0001. Specifically, there was an increase in patients
who received PD from 2015-2020 (n=42, 21.3%) compared
to those who received PD from 2009-2014 (n=6, 3.5%)
(P<0.0001) (1able 1). For appropriate surgical candidates,
PD was the most utilized surgery in the later period, due to
institutional change in practice, given lower mortality with
PD compared with EPP (1).

"Ten MPM surgeries were performed in the early period,
compared with 44 MPM surgeries performed in the later
period. The CCIs and Eastern Cooperative Oncology
Group (ECOG) Performance Status Scale (11) were similar
in both the early and later surgical cohorts. CCI was 7 or
greater in 29.5% of patients who received surgery during
the later period and in 20.0% of patients who received
surgery during the early period. Length of stay, emergency
department visit or readmission rate within 30 days due
to surgical complication, and 30- and 90-day mortality
were similar in both early and later cohorts (7zble 2). Seven
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Table 1 Characteristics and treatments of all patients with MPM by implementation period
Variables 2009-2014 (N=171) 2015-2020 (N=197) P value
Age at cancer diagnosis, years 0.649"
Mean + SD 74.7+9.7 75.2+10.2
Min-Max 45.0-95.0 43.0-98.0
Median (IQR) 75.0 (69.0-82.0) 76.0 (70.0-81.0)
Charlson comorbidity index <0.0001"
Mean + SD 3.5+2.9 4.9+3.2
Median (IQR) 3.0 (2.0-6.0) 4.0 (3.0-7.0)
Charlson comorbidity index, No. (%) <0.0001*
0-3 101 (59.1) 78 (39.6)
4-6 43 (25.1) 57 (28.9)
7+ 27 (15.8) 62 (31.5)
Gender, No. (%) 0.863"
Male 128 (74.9) 149 (75.6)
Female 43 (25.1) 48 (24.4)
Race/ethnicity, No. (%) 0.435*
White 126 (73.7) 134 (68.0)
African-American 6 (3.5) 13 (6.6)
Hispanic non-Black 18 (10.5) 28 (14.2)
Asian/Pacific islander 9(5.3) 12 (6.1)
Native American/multiracial/other/unknown 12 (7.0) 10 (5.1)
Language, No. (%) 0.860*
English 163 (95.3) 187 (94.9)
Non-English 8(4.7) 10 (5.1)
Stage (AJCC 8" Edition), No. (%) 0.090*
I 53 (31.0) 41 (20.8)
I 29 (17.0) 37 (18.8)
M 41 (24.0) 61 (31.0)
\Y 40 (23.4) 54 (27.4)
Unavailable 8 (4.7) 4 (2.0)
Histology, No. (%) <0.0001*
Epithelioid 72 (42.1) 114 (57.9)
Biphasic 17 (9.9) 27 (13.7)
Sarcomatoid 18 (10.5) 30 (15.2)
Other 64 (37.4) 26 (13.2)

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Table 1 (continued)

Variables 2009-2014 (N=171) 2015-2020 (N=197) P value
Smoking status, No. (%) 0.951*
Current 6 (3.5) 8(4.1)
Former 93 (54.4) 105 (53.3)
Never 72 (42.1) 84 (42.6)
BMI, No. (%) 0.638*
<25 76 (44.4) 79 (40.1)
25.0-29.9 65 (38.0) 84 (42.6)
>30 30 (17.5) 34 (17.3)
Any treatment, No. (%) <0.0001*
No 96 (56.1) 73 (37.0)
Yes 75 (43.9) 124 (63.0)
Surgery, No. (%) <0.0001*
No surgery 161 (94.2) 153 (77.7)
EPP 4(2.3) 2(1.0)
PD 6 (3.5) 42 (21.3)

T, two-sample t-test; ¥, Chi-square test. ICD coding switched from ICD-9 to ICD-10 in September 2015, with the ICD-10 using additional
codes. This affects comparison of the Charlson comorbidity index. MPM, malignant pleural mesothelioma; SD, standard deviation; IQR,
interquartile range; EPP, extrapleural pneumonectomies; PD, pleurectomy/decortications.

Percentage change of early versus later period treatments
100

P<0.0001*

56
40 37 38 A
: I I I
20 16
10 47 .
° —— W 2

No treatment Systemic therapy only Surgery alone Multimodality
Treatment type*

Percent, %
3
o

m Early period m Late period

Figure 1 Changes in treatment from early period [2009-2014] to later period [2015-2020]. *, multimodality treatment includes surgery
and systemic therapy with or without radiation. Systemic only includes systemic treatment with or without radiation. Surgery only includes

surgery with or without radiation. ¥, Chi-square test.

patients (70.0%) in the early period and 26 patients (59.1%) No patients in the early period had major complications,
in the later period were found to have any complication, while 5 patients (11.4%, P=0.571) in the later period
P=0.723. Major complications were defined as acute had major complications (Figure S1). All patients who
respiratory failure, cardiac arrest, and death within 30 days. underwent PD developed prolonged air leak, air leak lasting
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Table 2 Surgical patients’ baseline characteristics and outcomes during early period [2009-2014] and later period [2015-2020]
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Variables 2009-2014 (N=10) 2015-2020 (N=44) P value
Age at cancer diagnosis, years 0.145"
Mean + SD 68.6+4.2 69.5+9.2
Min-Max 60.0-74.0 43.0-84.0
Median (IQR) 69.5 (67.0-71.0) 71.0 (65.5-76.0)
Charlson comorbidity index, No. (%) 0.473*
0-3 7 (70.0) 20 (45.5)
4-6 1(10.0) 11 (25.0)
7+ 2 (20.0) 13 (29.5)
ECOG, No. (%) 0.114*
0 2 (20.0) 23 (52.3)
1 4 (40.0) 14 (31.8)
2 1(10.0) 3(6.8)
Not available 3(30.0) 4(9.1)
Preoperative testing
Echocardiogram LVEF <50%, No. (%) 0 1(2.3) 0.442*
Pulmonary hypertension, No. (%) 1(10.0 1(2.3) 0.339*
FEV1 (mean + SD) 64.2+16.6 73.7£17.5 0.170"
DLCO (mean + SD) 90.2+33.6 77.8£21.1 0.531"
Length of stay 0.395'
Mean + SD 9.4+£3.9 11.0£6.7
Min-Max 5.0-18.0 4.0-40.0
Median (IQR) 8.0 (7.0-10.0) 9.5 (7.5-12.0)
Number of ED visits within 30 days due to surgical complication, No. (%) 0.408*
No 7 (70.0) 36 (81.8)
Yes 3 (30.0) 8(18.2)
Number of hospital readmissions within 30 days due to surgical complication, No. (%) 1.000*
No 9 (90.0) 39 (88.6)
Yes 1(10.0) 5(11.4)
Complication* within 30 days, No. (%) 0.723*
No 3(30.0) 18 (40.9)
Yes 7 (70.0) 26 (59.1)
30-day mortality, No. (%) 1.000*

Alive at least 30 days after surgery 10 (100) 41 (93.2)
Died within 30 days after surgery 0 3(6.8)

Table 2 (continued)
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Table 2 (continued)
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Variables

2009-2014 (N=10) 2015-2020 (N=44) P value

90-day mortality, No. (%) 1.000*
Alive at least 90 days after surgery 9 (90.0) 37 (84.1)
Died within 90 days after surgery 1(10.0) 7 (15.9)

', two-sample Wilcoxon rank-sum test; ¥, Fisher’s exact test; *, post-operative complications were defined as anemia, chyle leak,
hypotension, pleural effusion, wound infection, pneumonia, empyema, pulmonary embolus/deep vein thrombosis, pericardial effusion,
atrial fibrillation, prolonged air leak, bronchopleural fistula, prolonged intubation, reintubation, tracheostomy, prolonged supplemental
oxygen, mucous plug, atelectasis, urinary retention, UTI, stroke, acute respiratory failure, cardiac arrest. ECOG, Eastern Cooperative
Oncology Group; LVEF, left ventricular ejection fraction; FEV1, forced expiratory volume in first second; DLCO, diffusion capacity for
carbon monoxide; SD, standard deviation; IQR, interquartile range; ED, emergency department; UTI, urinary tract infection.

A Early period (2009-2014)
100 Treatment  Events/total Median (95% CI) HR (95% CI) 12-month survival (%)
90 4 — Muttimodality treatment 474 167 (10.8-34.8) 0.51(0.19-140) 50.0 (18.8-100.0)
| Systemic only 64/65 142 (114-20.6) 0.51(0.37-0.72) 56.9 (46.1-70.3)
| Surgery only 6/6  136(68-17.4) 0.86(0.37-198) 66.7(37.9-100.0)
80 — None 86/88 6.9 (5.1-10.0)  Reference 29.5 (21.4-40.8)
Logrank P value: 0.0008 + Censor
X 70 A
3 o0
<
5 _
2 50
T 40+
2
S 30 o
20 Tl
10 1 L
0 T T T T T T T
0 12 24 36 48 60 72 80

Time, months

Number at risk

Multimodality treatment 4 2 0
Systemic only 65 25 8 6 2
Surgery only 6 0
None 88 12 2 2 2

B Later period (2015-2020)
100 A Treatment  Events/total Median (95% Cl) HR (95% Cl) 12-month survival (%)
90 - —Multimodality treatment 20/31 ~ 22.6 (17.6-37.8) 0.23(0.14-0.39) 72.5 (57.8-90.9)
—Systemic only 66/80 13.6(10.6-18.1) 0.50 (0.35-0.71) 53.7 (43.6-66.1)
—Surgery only 813 72(53-10.9)  0.75(0.35-157) 14.7 (2.5-85.6)
80 + —None 62/69  4.1(3.0-7.5) Reference 19.8 (12.2-32.4)
Logrank P value: <0.0001 + Censor
X 70 A
_g 60
<
=1 u
3 50
T 40
g
O 30
20
10 1
0 T T T T T T T
0 12 24 36 48 60 72 80
Time, months
Number at risk
Multimodality treatment 31 14 5 2 0
Systemic only 80 16 1 0
Surgery only 13 0
None 69 8 1 0

Figure 2 Survival of all patients by treatment type in early period [2009-2014] (A) and later period [2015-2020] (B). Multimodality
treatment: surgery and systemic therapy with or without radiation. Systemic only: systemic treatment with or without radiation. Surgery
only: surgery with or without radiation. None: no treatments administered.

for greater than 5 days, that was managed with a Blake
drain.

Median survival in patients who received multi-modality
treatment (surgery, systemic therapy, +/- radiation) during
2009-2014 was 16.7 months [95% confidence interval
(CI), 10.8-34.8 months] compared to 6.9 months (95% CI,
5.1-10.0 months) in patients who received no treatment
(Figure 2A). During 2015-2020, median survival for patients
who received multi-modality therapy was 22.6 months (95%
CI, 17.6-37.8 months) compared to median survival of
4.1 months (95% CI, 3.0-7.5 months) in those who received
no treatment (Figure 2B).

Patients in the later period cohort were three times

© Journal of Thoracic Disease. All rights reserved.

more likely to receive treatment than patients in the early
period cohort (adjusted odds ratio 3.25, 95% CI, 1.93-5.49,
P<0.0001) after adjusting for age, gender, CCI, histology,
and stage at cancer diagnosis. Patients with epithelioid
histology were twice as likely to receive treatment compared
to patients with other histologies (adjusted odds ratio
1.78, 95% CI, 1.08-2.93, P=0.023). Patients greater than
75 years old and with CCI >7 were less likely to receive any
treatment (1able 3).

In the overall population, factors associated with
improved survival were receipt of any treatment compared
with no treatment (adjusted hazard ratio 0.57, 95% CI,
0.44-0.73, P<0.0001), early stage compared with late stage

7 Thorac Dis 2022;14(9):3352-3363 | https://dx.doi.org/10.21037/jtd-22-427
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Table 3 Factors associated with receiving any treatment
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Variables Adjusted odds ratio (95% ClI) P value
Study period
2015-2020 3.25 (1.93-5.49) <0.0001
2009-2014 Reference
Age at cancer diagnosis, years
18-64 Reference
65-74 1.29 (0.58-2.86) 0.533
75-84 0.32 (0.15-0.65) 0.002
>85 0.10 (0.04-0.25) <0.0001
Male vs. female 1.77 (1.00-3.14) 0.048
CClI
0-3 Reference
4-6 0.54 (0.30-0.99) 0.046
7+ 0.38 (0.20-0.70) 0.002
Histology
Epithelioid 1.78 (1.08-2.93) 0.023
Biphasic, sarcomatoid, other Reference
Stage
171 1.04 (0.63-1.70) 0.888
/v Reference

Cl, confidence interval; CCl, charlson comorbidity index.

(adjusted hazard ratio 0.62, 95% CI, 0.49-0.78, P<0.0001),
and epithelioid histology compared with other histologies
(adjusted hazard ratio 0.71, 95% CI, 0.56-0.89, P<0.001).
Cox proportional hazards model revealed age older than
75, histology other than epithelioid, and later stage was
associated with greater risk of death (7able 4).

Discussion

Regionalization of MPM surgeries and bi-disciplinary
review can lead to increased utilization of surgery as part of
multimodal therapy in an older population with multiple
comorbidities within a large integrated health care system
without higher rates of surgical complications. We observed
a correlation between patients who received tri- or bi-
modality MPM directed therapies in the later period and
improved survival. Our findings are consistent with other
studies suggesting a relationship between treatment and
improved survival (12).

© Journal of Thoracic Disease. All rights reserved.

Regionalization of surgical practice has been associated
with improved outcomes for patients with non-small
cell lung cancer and other thoracic malignancies (5,13).
An Australian study of patients with MPM showed that
improved survival was associated with greater experience
of the surgeon (>100 cases) (14), but further evaluation of
centralization of MPM surgeries has yet to be determined.
We were able to increase our overall number of MPM
surgeries performed by a dedicated, specialized surgical
team over time, performing at a rate similar to that
demonstrated through review of the SEER database and a
retrospective review at Memorial Sloan-Kettering Cancer
Center (3,15,16). With increased use of surgery, we did
not find a significant increase in length of stay, nor rates
of postoperative complications. Prolonged air leak was not
considered a major complication as all of our PD patients
before and after regionalization had prolonged air leak,
thus we considered this more of a normal side effect from
PD. There was a non-significant increase in 30-day surgical

7 Thorac Dis 2022;14(9):3352-3363 | https://dx.doi.org/10.21037/jtd-22-427
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Table 4 Cox proportional hazards model in overall population

Ossowski et al. Improved outcomes in MPM

Variables Adjusted hazard ratio (95% ClI) P value
Study period
2015-2020 0.99 (0.77-1.26) 0.916
2009-2014 Reference
Any treatment vs. none 0.57 (0.44-0.73) <0.0001
Age at cancer diagnosis, years
18-64 Reference
65-74 1.21 (0.84-1.74) 0.308
75-84 1.86 (1.30-2.67) <0.001
>85 2.33 (1.51-3.59) <0.001
Male vs. female 1.02 (0.78-1.33) 0.893
CCl
0-3 Reference
4-6 0.86 (0.65-1.14) 0.293
7+ 1.27 (0.94-1.71) 0.122
Histology
Epithelioid 0.71 (0.56-0.89) <0.001
Biphasic, sarcomatoid, other Reference
Stage
I/ 0.62 (0.49-0.78) <0.0001
m1av Reference

Cl, confidence interval; CCl, charlson comorbidity index.

mortality from 0% prior to regionalization to 6.8% after
regionalization, which was likely due to the limited number
of surgeries performed during the early period and the
higher CCI observed in patients receiving multimodality
surgical treatment in the later period. Through surgical
regionalization, eligible patients have increased access to
specialized surgical care, which may have contributed to the
improvement in survival seen in this observational study.
Historically in community practices, rates of surgical
interventions for patients with MPM are low compared
with tertiary care centers (15). With an experienced surgical
team, we were able to increase rates of cytoreductive surgery
in a community setting. In the early cohort, we found
that over half of patients received no treatment, despite
similar age and higher CCI in the later cohort. We suspect
that medical oncologist did not commonly recommend
chemotherapy over supportive care due to a perception of
low benefit of chemotherapy in our population. This is a
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practice pattern reflective of a real-world community setting
and has been demonstrated in other institutions (17). Our
study showed successful implementation and increased use
of multimodal therapy within a patient population that is
representative of the greater population of California (18).
One of the main highlights of our regionalization
program, was that significantly more eligible patients for
multimodality treatment did indeed undergo optimal
treatment compared to pre-regionalization. With
experienced surgeons and a bi-disciplinary team, increased
guideline based, multimodality treatment can be offered
to appropriate patients. From the early to the later period,
we saw an increase in use of any treatment from 44% to
65%, respectively, despite higher CClIs in the later period
cohort. There was a significant increase in the number of
surgeries performed from 6% to 22% after surgeries were
performed by a specialized surgical team. We suspect that
the establishment of bi-disciplinary review also contributed
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to the increase in number of surgeries performed over time
as more surgeries were offered appropriately to eligible
patients. Due to institutional preference to perform PD
instead of EPP, the number of PDs increased from the early
to later periods. In an NCI study, 71% of patients received
any treatment with 10% of patients receiving surgery,
systemic therapy, and radiation, and 9% receiving surgery
and systemic therapy. Patients who received surgery and
systemic therapy had a median OS of 25 months (12), while
patients in our population who received tri- or bimodality
therapies had a similar median OS of 23 months in the later
period.

Bi-disciplinary review has been demonstrated to improve
outcomes in non-small cell lung cancer (19,20). In MPM,
bi-disciplinary review can improve histologic diagnosis,
increase accurate staging of MPM, assure evidence-based
treatment recommendations, and increase enrollment in
clinical trials, but improvement in outcomes have yet to be
reported (21). As a result of the MPM bi-disciplinary review,
we found a significant difference in histological subtype
between the early and later period cohorts. The tumor
board interacted directly with pathologists and radiologists
to determine each patient’s histological subtype and
staging, leading to a more accurate diagnosis, prognosis,
and appropriate treatment plan. We note that there may
have been a nondifferential misclassification present in
histologic subtypes in the early period due to non-specific
pathological diagnoses. There were no changes in patient
demographics over time that contributed to change in
histological subtype. For 12 patients, imaging for staging
was not obtained due to patient preference to proceed with
supportive care. By accurately determining each patient’s
histology, we were able to increase standardized, guideline-
based care, recognize more patients who were eligible for
multimodality therapies, and subsequently increase the
number of treatment types received in the later period
cohort. Although this study was not a prospective evaluation
to determine if our tumor board improved outcomes, we
did see that bi-disciplinary review of patients with MPM
was associated with increased utilization of multimodality
treatments.

Because of the rarity of MPM and the difficulty of
conducting RCTs, questions remain about the role of
surgery in MPM management (22). The MARS trial was
a limited, randomized controlled trial that showed no
benefit of EPP in MPM (8). Results from the MARS?2
trial comparing PD and chemotherapy compared with
chemotherapy alone are awaited (23). Retrospective review
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of the International Association for the Study of Lung
Cancer mesothelioma database and other retrospective
reviews showed multimodality therapy, surgery plus
chemotherapy and/or radiation, compared to surgery alone
improved survival (24-27). After regionalization, patients
in our population who received multimodal therapies had
median OS of 22.6 months (95% CI, 17.6-37.8 months).
While we obtained similar median survival after multimodal
treatment reported by published studies, we did not observe
an improvement in OS in all patients.

Limitations of our study include its observational nature
and an overall small sample size, especially for certain
subsets of the total population. Our small sample size
limited our ability to compare cohorts among three periods:
before surgical regionalization, after surgical regionalization,
and after institution of a bi-disciplinary patient review. We
also were not able to account for unmeasured confounding
factors including changes in surgical technique and changes
in systemic therapies over time. However, despite our
data review over an eleven-year period, we did not see
appreciable differences in survival when comparing the
overall population by period (data not shown), showing
that despite improvements in other factors that may have
changed over time, mesothelioma remains a challenging
cancer to treat with very poor prognosis overall. Similarly,
although immunotherapy is a newer MPM systemic
treatment option, very few cases received any adjuvant
immunotherapy, and standard of care chemotherapy options
among our cohort did not change over time. Regarding
surgical outcomes, we were limited in our review of survival
and quality of life outcomes for PD versus EPP due to
small sample size and the retrospective nature of our study.
Although our study suggested that treatment was associated
with improved survival, other confounding factors that also
impact survival such as improvements in surgical technique
and postoperative management, as well as modifications
in systemic therapy could not be controlled for given
the retrospective nature of this review. However, when
comparing two matched groups for age and CCI in patients
with early stage, epithelioid MPM, the OS benefit was seen
only in patients who received multimodality treatment.

We are currently examining additional details of types
and quantities of systemic therapies administered to
determine the impact of bi-disciplinary guidance. Although
we saw a reduction in the number of patients receiving no
MPM directed therapies, further work is needed to increase
treatment options for older patients, patients with multiple
comorbidities, or non-epithelioid histology who are less
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likely to receive treatment. Checkmate 743 and CONFIRM
studies have shown that immunotherapy is beneficial in all
patients with MPM, while the benefit appeared to be greater
in non-epithelioid histologies (28,29). Our study shows the
importance of bi-disciplinary review as treatments to these
subgroups increase over time.

Conclusions

In summary, consolidating mesothelioma surgery to
specialized surgeons and weekly bi-disciplinary review of
MPM cases to determine appropriate multimodality therapy
allows eligible patients to receive increased treatments. By
rapid case ascertainment and multidisciplinary review, more
patients who may benefit from surgery and systemic therapy
can be identified. Our study suggests using expert review
of MPM cases and cytoreductive surgery performed by an
experienced surgical team leads to increased availability and
receipt of multimodality treatment options
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