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ABSTRACT

Objectives: Definitive diagnosis of the T-component is sometimes challenging in
malignant pleural mesothelioma (MPM). Pleural thickness has been reported to
be a prognostic factor for MPM and is a potential T-component.

Methods: We conducted a historical cohort study of patients who underwent neo-
adjuvant chemotherapy (NAC) and curative-intent surgery as a multimodal treat-
ment for MPM from January 2007 to June 2016. The maximum measurement of
pleural thickness among 3 levels and the sum at each level determined using axial
computed tomography imaging before and after NAC were termed as ““max’ and
“sum,” respectively. We assessed the association between pleural thickness and
the primary and secondary end points of overall survival and recurrence-free sur-
vival. Survival was analyzed using the Kaplan—Meier curve, log rank test, and
multivariate Cox regression model.

Results: We enrolled 105 patients. We excluded 1 because of missing data; thus,
the sample size was 104. The median follow-up period was 29.1 months with
recurrence in 78 patients (70.3%) and death in 67 (60.4%). Max and sum ranged
from pre (before NAC) values of 0 to 35 (median, 6.05) and 0 to 97 (median, 12.9)
to post (after NAC) values of 0 to 30.8 (median, 4.25) and 0 to 67.0 (median, 9.25),
respectively. Post values max and sum were associated with overall survival and
recurrence-free survival. Post sum values were associated with recurrence
(adjusted hazard ratio, 2.59; 95% confidence interval, 1.42-3.83) and death
(adjusted hazard ratio, 2.13; 95% confidence interval, 1.16-4.52), respectively.

Conclusions: Pleural thickness after NAC was an independent prognostic factor
in patients who underwent multimodal treatment. (J Thorac Cardiovasc Surg
2019;157:404-13)

Pleural thickness correlated with oncological out-
comes in malignant pleural mesothelioma.

Central Message

Pleural thickness after neoadjuvant chemo-
therapy was a novel prognostic factor in a pa-
tient who underwent multimodal treatment for
malignant pleural mesothelioma.

Perspective

Pleural thickness has recently been considered
as a novel prognostic factor in malignant
pleural mesothelioma. In the present study,
we evaluated the prognostic meaning of pleural
thickness in a patient who underwent multi-
modal treatment. Pleural thickness was corre-
lated with oncological outcomes better than
the current staging systems. Pleural thickness
has potential as a new T-component.

See Editorial Commentary page 414.

Tumor diameter is usually associated with aspects deter-
mining the tumor status, such as the T-component, in the tu-
mor, node, metastases staging system. However, in

From the Departments of *Thoracic Surgery and "Clinical Epidemiology, Hyogo Col-
lege of Medicine, Nishinomiya, Japan; and “Center for Respiratory Medicine, Ote-
mae Hospital, Osaka, Japan.

This study was presented at the 25th Meeting of European Society of Thoracic Sur-
geons, May 29, 2017, Innsbruck, Austria.

Received for publication May 11, 2018; revisions received Aug 24, 2018; accepted
for publication Sept 11, 2018.

Address for reprints: Masaki Hashimoto, MD, PhD, Department of Thoracic Surgery,
Hyogo College of Medicine, Nishinomiya, Japan (E-mail: kogekogemasaki@
gmail.com).

0022-5223/$36.00

Copyright © 2018 by The American Association for Thoracic Surgery

https://doi.org/10.1016/.jtcvs.2018.09.106

404

malignant pleural mesothelioma (MPM), the clinical defini-
tion of the tumor diameter remains unclear. One of the rea-
sons underlying this concern is that the tumor status has
been described according to the extent of tumor infiltration
to the surrounding organs.'” Therefore, the tumor diameter
does not influence the current T-component in MPM. In
fact, assessing the tumor diameter in MPM is quite
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Abbreviations and Acronyms

CI = confidence interval

c-T = clinical T component of the tumor,
node, metastases staging system

CT = computed tomography

EPP = extrapleural pneumonectomy

IASLC = International Association for the Study

of Lung Cancer
MMT = multimodal treatment
MPM = malignant pleural mesothelioma
mRECIST = modified Response Evaluation Criteria
in Solid Tumors

NAC = neoadjuvant chemotherapy

oS = overall survival

P/D = pleurectomy/decortication

post max = maximum pleural thickness after

neoadjuvant chemotherapy
post sum = sum of pleural thickness in 3 levels
after neoadjuvant chemotherapy
pre max = maximum pleural thickness before
neoadjuvant chemotherapy

pre sum = sum of pleural thickness in 3 levels
before neoadjuvant chemotherapy

PS = performance status

RFS = recurrence-free survival

yc- = yield clinical

complicated because of its unique development process that
differs from that of other solid malignancies.

In the current staging system, there are some unsolved is-
sues, especially those with respect to the T-component.” ™ A
discrepancy  between preoperative  (clinical) and
postoperative (pathological) staging was observed in
approximately half of the patients who underwent surgical
treatment.” Moreover, the clinical (c)-T component was
underevaluated against the pathological (p)-T component
in half of the cases despite showing progress in radiological
examinations.” In fact, clinical outcomes with a median
overall survival (OS) of 12 to 20 months were not satisfac-
tory even after administering multimodal treatment (MMT)
because of the aggressive nature of the tumor.””
Conversely, a favorable prognosis (median OS,
29 months) was observed in p-stage I patients.'’ Therefore,
appropriate patient allocation for MMT plays an important
role in the treatment of MPM. """

Pleural thickness has been recently reported as a useful
prognostic indicator of MPM.”'® The International
Association for the Study of Lung Cancer (IASLC)
revised the definition of MPM staging in 2016 (8th
edition) and described that the measurements of pleural
thickness were significantly correlated with the clinical
outcome.” They also mentioned that pleural thickness might

be a useful T-component instead of the pathological find-
ings on the basis of the current T-component in MPM stag-
ing.” We hypothesized that pleural thickness was a useful
prognostic factor and retrospectively investigated the clin-
ical association between pleural thickness and the prognosis
of MPM in our cohort.

METHODS
Study Design and Patient Selection

We conducted a historical cohort study to evaluate the clinical effect of
pleural thickness in MPM patients who underwent MMT, including
curative-intent surgery. We enrolled consecutive patients with histological-
ly proven MPM who underwent MMT, including neoadjuvant chemo-
therapy (NAC) and curative-intent surgery, at the Hyogo College of
Medicine Hospital between January 2007 and June 2016.

Therapeutic Strategy

As mentioned in the therapeutic guidelines,'* curative-intent surgery
should be performed as part of MMT in patients with resectable MPM.
The inclusion criteria for MMT were: (1) histologically proven MPM;
(2) radiologically resectable tumor (clinical [c-]stage, TO-3); (3) admin-
istration of MMT being feasible with a favorable performance status
(PS); (4) being tolerant to curative-intent surgery; and (5) not proven
N2-3.

Overall, NAC was performed before curative-intent surgery in patients
who met the previously mentioned inclusion criteria. After completion of

lower zone

(Left ayummmnhragm)

VIDEO 1. We propose pleural thickness as a novel prognostic factor in
malignant pleural mesothelioma. It is well known that the current
T-component is not satisfactory to predict the clinical outcome in
malignant pleural mesothelioma. In this cohort, we clarified that the
efficacy of measurement of pleural thickness after neoadjuvant
chemotherapy was a better prognosticator than the current T-component.
Our measurement procedure is quite simple, and could be used throughout
the world. I am going to introduce our measurement procedure. As you can
see, we divided the thoracic cavity into 3 zones as upper, middle, and lower.
Then, using axial imaging, the maximum pleural thickness was measured
perpendicular from the chest wall or mediastinum in each zone. In our
cohort the sum of pleural thickness in 3 zones was a novel prognostic factor.
Because this procedure does not require any specific device or software,
it has potential as a new T-component. Video available at: https://www.
jtevs.org/article/S0022-5223(18)32615-1/fulltext.
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NAC, radiological examinations were performed to evaluate the response
to NAC on the basis of the modified Response Evaluation Criteria in Solid
Tumors (mRECIST)."

Curative-intent surgery including lymph node dissection was performed
in patients who showed no apparent tumor progression. Extrapleural pneu-
monectomy (EPP) was the only surgical procedure that we performed
before September 2012. After September 2012, we attempted to perform
pleurectomy/decortication (P/D) in all patients, and EPP was performed
when it was the only procedure that could help us achieve macroscopic
complete resection. After completion of curative-intent surgery, adjuvant
radiation therapy was only delivered after EPP, and adjuvant chemotherapy
was only delivered after P/D as well.

Data Collection and Clinical Follow-up After MMT

Medical records of all eligible patients, including operation notes
and radiological findings, were collected. The c-stage, yield clinical
(yc)-stage, and p-stage were determined using the Seventh Edition of
the Tumor, Node, Metastases Classification proposed by the Interna-
tional Mesothelioma Interest Group and IASLC.' We excluded cases
in which reliable data pertaining to the radiological examination were
missing.

Clinical follow-up after MMT was performed at least every 6 months
with positron emission tomography/computed tomography (CT) or
thin-section CT for as long as possible. Recurrence was determined by a
multidisciplinary team according to radiological findings or on the basis
of cytological or pathological examination.

Measurement of Pleural Thickness (Video 1)

The measurement of pleural thickness was determined using thin-
section contrast-enhanced CT by 2 thoracic surgeons experienced in
treating MPM. The procedure for measuring pleural thickness described
in the IASLC Mesothelioma staging project was followed.” In brief,
pleural thickness was measured using axial CT images, with the hemi-
thorax divided into 3 levels (upper, middle, and lower); these thirds
were defined as follows: the upper level extended from the apex of the
lung to the inferior margin of the aortic arch, the middle level included
the pleura between the upper and lower levels, and the lower level was
the pleura, including an inferior to the first image on which the left atrium
is seen.” Next, the maximum tumor thickness perpendicular to the chest
wall or mediastinum was measured using axial imaging at each of the 3
levels (Figure 1). We measured the maximum pleural thickness among
the 3 levels and the sum of the pleural thickness at each of the 3 levels
before and after NAC in each patient. We defined pre max as maximum

pleural thickness before neoadjuvant chemotherapy, post max as
maximum pleural thickness after neoadjuvant chemotherapy, pre sum
as sum of pleural thickness in 3 levels before neoadjuvant chemotherapy,
and post sum as sum of pleural thickness in 3 levels after neoadjuvant
chemotherapy.

Statistical Analysis

The primary aim of this study was to evaluate the association between
pleural thickness and OS and investigate the most effective way to evaluate
pleural thickness as well as its association with recurrence-free survival
(RFS). To evaluate the prognostic significance of pleural thickness, we
divided the cohort into 2 groups with a cut off point of max as 5.1 mm
(<5.1 mm vs >5.1 mm) and of sum as 13 mm (<13.0 mm vs
>13.0 mm) according to a previous definition of pleural thickness.” RFS
was defined as the time from the day of surgery to the day of recurrence;
patients without recurrence were censored at the time when they were
confirmed to show no recurrence. OS was defined as the time from the
day of diagnosis to the day of death, and patients who were still alive
were censored at the time when they were confirmed to be alive. We also
used linear regression models to evaluate the association between max
and sum. The Kaplan—-Meier method was used to assess OS and RFS,
and the log rank test was used to compare the differences between them.
The prognostic significance of pleural thickness was assessed using multi-
variate Cox proportional hazards model with preoperative variables,
including pleural thickness and T-component.

All statistical analyses were performed using EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), which is a graphical
user interface for R (The R Foundation for Statistical Computing, Vienna,
Austria). Two-tailed P values < .05 were considered statistically
significant.

Ethics

The institutional review board at the Hyogo College of Medicine (num-
ber 2857) approved this study on February 7, 2018, and written informed
consent was obtained from all patients. We collected the medical records
of all enrolled patients, including operation notes and radiological findings.

RESULTS
Patient Characteristics

Overall, 105 consecutive patients with histologically
proven MPM who underwent MMT, including NAC and

FIGURE 1. The thoracic cavity was divided into 3 levels (upper, middle, and lower). Each level was defined as follows. The upper level was defined as from

the apex of the lung to the inferior margin of the aortic arch; the middle level as between the upper and lower levels; and the lower level from an inferior to the
first image on which the left atrium is seen (A). Pleural thickness was measured perpendicular to the chest wall or mediastinum for each of the 3 levels on
axial imaging (B). Double-headed arrow indicates the measurement of pleural thickness.
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TABLE 1. Patient characteristics (N = 104)

TABLE 1. Continued

Characteristic Value Characteristic Value
Median age (range), y 64 (37-77) >13.0 mm 52 (50.0%)
Male sex 90 (86.5%) Post sum
Affocted sid <13 mm 69 (66.3%)

ected side >13.0 mm 35 (33.7%)
Right 58 (55.8%) -
Left 46 (44.2%) Data are presented as n (%) except where otherwise stated. PS, Performance status;
< a0 mRECIST, modified Response Evaluation Criteria in Solid Tumors; PR, partial
PS response; SD, stable disease; PD, progressive disease; pre max, maximum pleural
0 97 (93.3%) thickness before neoadjuvant chemotherapy; post max, maximum pleural thickness

1
Histological type
Epithelioid
Nonepithelioid
Clinical stage
I
I
I
v

Clinical T component
1
2
3
4

Yield clinical stage
I
II
11T

Yield clinical T component
1
2
3

Pathological T component
1

7 (6.7%)

98 (94.2%)
6 (5.8%)

53 (51.0%)

29 (27.9%)

17 (16.3%)
5 (4.8%)

55 (52.9%)

29 (27.9%)

18 (17.3%)
2 (1.9%)

48 (46.2%)
37 (35.6%)
19 (18.3%)

50 (48.1%)
38 (36.5%)
16 (15.4%)

24 (23.1%)

2 21 (20.2%)

3 52 (50%)

4 7 (6.7%)
Nodal involvement

Negative 74 (71.2%)

Positive 30 (28.8%)
mRECIST

PR 19 (18.3%)

SD 84 (80.8%)

PD 1 (0.9%)
Pre max

<5.1 mm 47 (45.2%)

>5.1 mm 57 (54.8%)
Post max

<5.1 mm 63 (60.6%)

>5.1 mm 41 (39.4%)
Pre sum

<13 mm 52 (50.0%)

(Continued)

after neoadjuvant chemotherapy; pre sum, sum of pleural thickness in 3 levels before
neoadjuvant chemotherapy; post sum, sum of pleural thickness in 3 levels after neo-
adjuvant chemotherapy.

curative-intent surgery, were included; 1 patient was
excluded from analysis because of missing reliable data
pertaining to the radiological findings. No patient was
excluded because of missed follow-up. Patient characteris-
tics are shown in Table 1.

The median patient age was 64 (range, 37-77) years, and
most were those with PS 0 (93.3%) and male sex (86.5%).
Histological findings revealed that most patients were of the
epithelioid type (94.2%). The median cycle of NAC was 3
(range, 1-6). EPP was applied in 49 patients (47.1%), and
P/D was used in 55 (52.9%). Adjuvant radiation therapy
was delivered in 37 of 49 patients who underwent EPP.
Adjuvant chemotherapy was delivered in 49 of 55 patients
who underwent P/D. With the median follow-up period of
29.1 (range, 4.4-107.0) months, 71 patients (68.3%) had
tumor recurrence at the last follow-up. Of the 60 (57.7%)
patients who died, 9 patients died without the evidence of
tumor recurrence.

Measurement of Pleural Thickness and Correlation
Between Max and Sum

Pleural thickness was measured before and after NAC.
The pre max and sum values ranged from O to 35 mm
(median, 6.05 mm) and 0 to 97 mm (median, 12.9 mm),
respectively. The post max and sum values ranged from
0 to 30.8 mm (median, 4.25 mm) and 0 to 67 mm (median,
9.25 mm), respectively. Significant correlations were
observed between pre max and sum (r = 0.94) and post
max and sum (r = 0.95) values (Figure 2).

Prognostic Analysis Between Pleural Thickness and
RFS

Kaplan—-Meier curves for RFS on the basis of pleural
thickness are shown in Figures 3 and 4. Regarding pleural
thickness before NAC (Figure 3), pre sum values were
significantly correlated with RFS (pre sum: <13 mm, me-
dian RFS: 23.62 months [95% confidence interval (CI),
19.31-34.92] vs pre sum: >13 mm, median RFS:
13.83 months [95% CI, 8.25-24.05], P = .02) and no
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FIGURE 2. The correlation between maximum pleural thickness (max)
and sum (A) pre and (B) post neoadjuvant chemotherapy. pre max,
Maximum pleural thickness before neoadjuvant chemotherapy; pre sum,
sum of pleural thickness in 3 levels before neoadjuvant chemotherapy;
post max, maximum pleural thickness after neoadjuvant chemotherapy;
post sum, sum of pleural thickness in 3 levels after neoadjuvant chemo-
therapy.

significant correlation was observed between pre max
values and RFS. Regarding pleural thickness after NAC
(Figure 4), a significant correlation was observed between
RFS and post max values (post max: <5.1 mm, median
RFS: 23.62 months [95% CI, 19.32-36.60] vs pre max:
>5.1 mm, median RFS: 15.38 months [95% CI, 6.83-
22.51], P <.01) and post sum values (post sum: <13 mm,
median RFS: 25.10 months [95% CI, 19.32-36.60] vs pre

— Pre max < 5.1 mm
— Pre max > 5.1 mm

Probably

0 |

0 2 4 6 8

Recurrence-free survival (year)
Number at risk
Pre max<5.1mm 47 12 1 0 0
Pre max >5.1 mm 57 21 7 1 1
A
100 Jie—

- — Pre sum <13 mm
— Pre sum > 13 mm

Probably

0 2 4 6 8
Recurrence-free survival (year)
Number at risk

Pre sum <13 mm 52 16 3 0 0
Pre sum > 13 mm 52 17 5 1 1
B

FIGURE 3. Survival curves for recurrence-free survival according to
pleural thickness before neoadjuvant chemotherapy. A, Maximum pleural
thickness before neoadjuvant chemotherapy (pre max). B, pre sum. pre
sum, Sum of pleural thickness in 3 levels before neoadjuvant chemo-
therapy.

sum: >13 mm, median RFS: 15.38 months [95% CI,
8.51-18.99], P <.001).

Prognostic Analysis Between Pleural Thickness and
(O]

Kaplan—Meier curves for OS on the basis of pleural thick-
ness are shown in Figures 5 and 6. Regarding pleural thick-
ness before NAC (Figure 5), neither pre max nor pre sum
values were correlated with OS. Regarding pleural thick-
ness after NAC (Figure 6), a significant correlation was
observed between OS and post max (post max: <5.1 mm,
median OS: 55.20 months [95% CI, 41.59-68.30] vs post
max: >5.1 mm, median OS: 22.37 months [95% CI,
14.85-45.67], P < .01) and post sum (post sum: <13 mm,
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FIGURE 4. Survival curves for recurrence-free survival according to (A)
maximum pleural thickness after neoadjuvant chemotherapy (post max)
and (B) post sum. post sum, Sum of pleural thickness in 3 levels after neo-
adjuvant chemotherapy.

median OS: 56.21 months [95% CI, 41.59-68.30] vs post
sum: >13 mm, median OS: 25.86 months [95% CI,
14.88-43.33], P <.01) values.

Prognostic Significance of Pleural Thickness

The prognostic significance of the preoperative variables
is shown in Table 2. Regarding RFS, a significant correla-
tion was observed in the histological types (epithelioid vs
nonepithelioid, P <.0001) and nodal involvement (negative
vs positive, P = .01). No significant correlation was
observed in c-T component (c-T1 vs ¢-T2-4, P = .32), yc-
T component (yc-T1 vs yc-T2-4, P = .11), and p-T compo-
nent (p-T1 vs p-T2-4, P = .22). Regarding OS, a significant
correlation was observed among the histological types
(epithelioid vs nonepithelioid, P < .0001), nodal involve-
ment (negative vs positive, P < .001) and PS (0 vs 1,

100 -
80 — Pre max < 5.1 mm
1 I — Pre max >5.1 mm
1 i |
> ! - P=.36
3 609
©
S
S 404 Ttentgn
20
0
0 2 4 6 8
Overall survival (year)
Number at risk
Pre max < 5.1 mm 47 28 8 0 0
Pre max >5.1 mm 57 35 15 7 1

A

— Pre sum <13 mm
. — Presum>13 mm

Probably

0 2 4 6 8

Overall survival (year)
Number at risk

Pre sum <13 mm 52 33 11 0
Pre sum>13 mm 52 30 12 7 1
B

FIGURE 5. Survival curves for overall survival according to (A)
maximum pleural thickness before neoadjuvant chemotherapy (pre max)
and (B) pre sum. pre sum, Sum of pleural thickness in 3 levels before neo-
adjuvant chemotherapy.

P = .01). Among T-component, only the p-T component
was significantly correlated with OS (p-T1 vs p-T2-4,
P <.001).

The multivariate Cox model for the post sum value of
> 13 mm showed a significantly increased risk of recur-
rence (HR, 2.59; 95% CI, 1.42-4.35; P < .01) and death
(HR, 2.13;95% CI, 1.16-3.89; P = .01) (Table 3). Histolog-
ic type (nonepithelioid) was also associated with a signifi-
cantly increased risk of recurrence (HR, 12.81; 95% CI,
4.15-39.57; P <.001) and death (HR, 5.10; 95% CI, 1.66-
15.63; P <.01). Positive nodal involvement was also asso-
ciated with a significantly increased risk of recurrence (HR,
2.22; 95% CI, 1.28-3.83; P < .01) and death (HR, 2.54;
95% CI, 1.43-4.52; P <.01). Age (> 65 years) was associ-
ated with a significantly increased the risk of death (HR,
2.12;95% CI, 1.17-3.86; P = .01) but not of recurrence.
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FIGURE 6. Survival curves for overall survival according to (A)
maximum pleural thickness after neoadjuvant chemotherapy (post max)
and (B) post sum. post sum, Sum of pleural thickness in 3 levels after neo-
adjuvant chemotherapy.

DISCUSSION

We showed a clear correlation between pleural thickness
and clinical outcomes on the basis of the mesothelioma
staging reported previously by IASLC.” We observed that
the correlation between pleural thickness and clinical out-
comes of MPM after NAC showed a prognostic significance
with respect to OS as well as RFS, although no significant
correlation was observed between the current T-component
and prognosis of MPM. We also found a strong association
between the 2 types of measurements (max and sum).

de Perrot and colleagues have reported the meaning of
pleural thickness in tumor prognosis.'” They divided the
hemithorax into 3 parts (chest wall, mediastinum, and dia-
phragm); further, they divided each part into the 3 sections
according to their location (anterior, middle, and posterior).
Next, they measured the maximum pleural thickness at each

of the 9 sites and showed that the total pleural thickness,
which is the sum of all 9 sites, was an independent prog-
nostic factor for RFS as well as OS. In many solid malig-
nancies, we know that a tumor with a small diameter is a
more favorable predictor of postoperative prognosis than
a tumor with a large diameter. Similar to the results of the
study by de Perrot and colleagues,'” we showed that pleural
thickness was a useful predictor of postoperative outcomes.

In this cohort, pleural thickness was evaluated as max and
sum values, which were strongly correlated with before and
after NAC. Although max is the easiest measurement pro-
cedure to adopt, we speculated that sum would be a better
surrogate for tumor volume than max because of the nature
of the tumor. MPM generally presents diffuse pleural thick-
ening3 16, however, pleural thickness is not uniform. In fact,
mRECIST for MPM is evaluated on the basis of the
measurement of pleural thickness at 3 points.'” Sum might
be a favorable measurement procedure for evaluating
pleural thickness and will be accepted well globally.

As an alternative procedure for evaluating pleural thick-
ness as a T-component, several studies have reported the util-
ity of tumor volume as a prognostic factor in MPM.'®?" Pass
and colleagues showed that preoperative tumor volume was a
predictor of OS and progression-free survival.”” Moreover,
Opitz and colleagues supported the efficacy of tumor volume
as a prognostic factor and proposed that the multimodality
prognostic score was helpful for allocating patients for
MMT, including surgery.'” The multimodality prognostic
score comprised pretreatment tumor volume, C-reactive pro-
tein level, and histological subtype in addition to the thera-
peutic response of NAC according to mRECIST."”
Furthermore, several authors have reported that tumor vol-
ume was a useful indicator of not only prognosis but also
the therapeutic response of chemotherapy.'®'” Because 2
multicenter volumetric CT studies showed volumetric CT
was significantly correlated with tumor status p-T
component and 0S,'7"'® tumor volume is well known as an
indicator of tumor status in MPM. However, a specific
software is required to measure the tumor volume. In fact,
various procedures were performed in the previous
cohorts.'*'”?" In contrast, our procedure does not require
any specific software or any additional costs, suggesting
that the measurement of pleural thickness is applicable
when describing the T-component worldwide.

In our cohort, pleural thickness after NAC was better
correlated with RFS and OS, which suggested that NAC
strongly influenced the clinical outcome in patients who un-
derwent MMT. Opitz and colleagues showed that the thera-
peutic response of NAC was a novel prognostic indicator in
MPM patients who were administered MMT."” Our clinical
results also revealed a favorable prognosis (median RFS:
25.10 months and median OS: 56.21 months) in patients
with post sum values of <13 mm. These findings suggested
that NAC is helpful in identifying the definitive candidates
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TABLE 2. Univariate analyses for RFS and OS

Variable Patient n (N = 104) Median RFS, months P value Median OS, months P value

Pre max
<5.1 mm 47 22.97 31 55.20 .36
>5.1 mm 57 17.97 38.05

Post max
<5.1 mm 63 23.62 <.01 55.20 <.01
>5.1 mm 41 15.38 22.37

Pre sum
<13 mm 52 23.62 .02 55.20 .09
>13 mm 52 13.83 34.90

Post sum
<13 mm 69 23.10 <.001 56.21 <.01
>13 mm 35 15.38 25.86

Age
<65y 54 19.65 .52 45.57 .19
>65y 50 21.68 41.82

Sex
Male 90 20.70 .84 43.33 .65
Female 14 19.32 58.02

Laterality
Left 46 17.64 51 41.59 .55
Right 58 21.68 45.57

PS
0 97 20.70 .90 46.42 .01
1 7 9.48 15.97

Histological type
Epithelioid 98 21.68 <.0001 46.42 <.0001
Nonepithelioid 6 4.96 14.18

Clinical T component
1 55 25.10 32 55.20 .19
2to4 49 18.99 38.05

Yield clinical T component
1 50 27.82 11 55.20 .07
2to4 54 18.37 37.42

Pathological T component
1 24 21.68 22 59.30 .03
2to4 80 19.31 41.59

mRECIST
PR 19 30.39 .57 49.77 .23
SD + PD 85 19.58 41.82

Nodal involvement
Negative 74 23.62 .01 55.20 <.001
Positive 30 12.12 25.00

RFS, Recurrence-free survival; OS, overall survival; pre max, maximum pleural thickness before neoadjuvant chemotherapy; post max, maximum pleural thickness after neo-
adjuvant chemotherapy; pre sum, sum of pleural thickness in 3 levels before neoadjuvant chemotherapy; post sum, sum of pleural thickness in 3 levels after neoadjuvant chemo-
therapy; PS, performance status; mRECIST, modified Response Evaluation Criteria in Solid Tumors; PR, partial response; SD, stable disease; PD, progressive disease.

for MMT, including curative-intent surgery. Although sur-
gery, as a part of MMT, might offer a therapeutic benefit,”’
we must consider the risk of surgery because of its invasive-
ness.”> >4 Therefore, the most essential issue is the
appropriate allocation of MPM patients for MMT.
Unfortunately, the current T-component is not satisfactory
in predicting preoperative prognosis.””> We found that

pleural thickness was better correlated with prognosis
than the conventional T-component (c-T, yc-T, and p-T),
suggesting that the former is a novel useful indicator of pa-
tient allocation for MMT.

There are limitations inherent to this study design. First,
this study was a single-institution historical study with
selected patients who underwent MMT. Because our
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TABLE 3. Multivariate analysis for RFS and OS

RFS (0]
Variable HR (95% CI) P value HR (95% CI) P value
Age >65y 1.12 (0.67-1.85) .67 2.12 (1.17-3.86) .01
Histological type 12.81 (4.15-39.57) <.001 5.10 (1.66-15.63) <.01
(nonepithelioid)
Nodal involvement (positive) 2.22 (1.28-3.83) <.01 2.54 (1.43-4.52) <.01
Post sum (>13 mm) 2.59 (1.42-4.35) <.01 2.13 (1.16-3.89) .01
PS=1 0.49 (0.13-1.87) .30 1.87 (0.72-4.85) .20
pT-component (pT >2) 0.69 (0.34-1.42) 32 1.53 (0.59-3.95) .39

RFS, Recurrence-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; post sum, sum of pleural thickness in 3 levels after neoadjuvant chemotherapy; PS,

performance status; p7, pathologic T stage.

survival analyses according to pleural thickness was
exploratory in nature, a further hypothesis verification
would be needed in a prospective study. Second, patients
with apparent tumor progression after NAC were excluded
from the therapeutic stream of MMT in this cohort, implying
that NAC would affect the clinical outcomes as a selection
bias. Third, the comparison between pleural thickness and
tumor volume was impossible because of the absence of
the specific software at our institution. The efficacy of tumor
volume was proven to assess the prognosis because it was
possible to evaluate the tumor status using 3-dimensional
measurements. To clarify the reliability of the measurement
of pleural thickness, we plan to conduct a comparative study
to assess the association between measurement of pleural
thickness and tumor volumetry. Moreover, we have started
a prospective nationwide registry to externally validate the
implications of pleural thickness.”® In this prospective study,
pleural thickness (max and sum) was measured in each
patient regardless of the therapeutic strategy. The prognostic
implications of pleural thickness are clarified through this
prospective study.

CONCLUSIONS

We investigated the meaning of pleural thickness in
MPM patients who underwent MMT. Our investigation re-
vealed that pleural thickness after NAC (post sum) was an
independent prognostic factor and that lower post sum
values (<13 mm) reduced the risk of recurrence and death
in MPM patients who underwent MMT (Central Image).
Thus, pleural thickness could be useful for the allocation
of MPM patients for MMT. Further prospective nationwide
studies are warranted to evaluate pleural thickness as a new
T-component in assessment of the prognosis of MPM.
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