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ABSTRACT

Background. Thymoma patients with pleural dissemina-
tion are difficult to manage, and their treatment strategy
remains undefined. This study aimed to investigate the
clinicopathologic features of these patients, focusing on the
association between the depth of pleural invasion and
prognosis.

Methods. Between 2003 and 2019, the study identified
120 disseminated lesions in 20 thymoma patients. Seven
patients had de novo stage IVa thymoma and 13 were
recurrent cases. Extrapleural pneumonectomy was per-
formed for 8 patients and debulking surgery for 12 patients.
Invasion depth of pleural tumors was classified into two
groups: when the disseminated tumors invaded the pleura
beneath the elastic layer, the tumor was diagnosed as Da,
and when the disseminated tumors invaded the pleura
beyond the elastic layer, the tumor was diagnosed as Db.
Results. Of 120 nodules, 31 (26%), found in eight patients
with recurrent malignancies, were classified as Db. The
pathologic status of the surgical margin (PSM) was positive
in eight patients, seven of whom had Db nodules. The
5-year overall survival (OS) rate was 100% in the Da group
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and 75% in the Db group (P = 0.02). The 5-year progres-
sion-free survival (PFS) rate was 66.7% in the Da group
and 25% in the Db group (P = 0.02). Cox univariate
analysis showed that PFS was significantly influenced by
the depth of invasion (P = 0.04) and PSM (P = 0.03).
Conclusion. Depth of pleural invasion may influence
survival outcomes for thymoma patients with pleural dis-
semination. The patients in this study with Da-
disseminated nodules had an increased probability of a
longer OS and PFS and tended to achieve negative PSM
compared with the patients with Db.

Thymomas are thymic neoplasms arising from thymic
epithelial cells. Although the progression of thymomas is
relatively slow, they sometimes show aggressive malignant
behavior.! In addition to direct invasion into adjacent
structures, thymomas can metastasize to distant sites
including pleural or pericardial tissues and the lung, or
infrequently, to the mediastinal lymph nodes and extra-
thoracic organs.”™* For patients with early-stage thymoma,
primary resection is recommended, and completeness of
the resection is considered the most important factor for
achieving long-term, recurrence-free patient survival.’

Advanced-stage thymomas are difficult to manage, and
the treatment strategy remains undefined. For advanced
disease with pleural dissemination, classified as stage IVa
thymoma according to the current tumor-node-metastasis
(TNM) classification of the Union for International Cancer
Control,’ macroscopic complete resection (MCR) may
provide a favorable prognosis.”” Although MCR may be
associated with a positive outcome, complete resection of
disseminated nodules generally is difficult to attain. Several
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studies with limited patient numbers have investigated the
efficacy of surgery for treating pleural dissemination of
thymoma.

Three types of operations have been reported: debulking
surgery (DS),''? pleurectomy/decortication (P/D),'*'*
and extrapleural pneumonectomy (EPP),">™'” each with its
own advantages and disadvantages. Debulking surgery is a
surgical removal of as many visible nodules as possible,
whereas P/D is defined as removal of the parietal and
visceral pleurae. The third thymoma-linked surgical type,
EPP is en bloc resection of the parietal and visceral pleurae
with  ipsilateral lung and/or  pericardium  and
hemidiaphragm.

In addition to the different surgical approaches, the
thymoma treatment outcomes have been associated with
several pathologic characteristics. However, the prognostic
significance of pathologic markers such as depth of inva-
sion, site of dissemination, tumor growth pattern, and
surgical margin status of pleural disseminated nodules
remains to be investigated. Moreover, evidence-based
treatment strategies have not been established in associa-
tion with the pathologic etiology for thymoma patients with
pleural dissemination.

In this study, detailed pathologic observation of the
disseminated nodules showed that nodules sometimes
invade the resected adjacent tissues deeper than expected.
We hypothesized that the pleural invasion depth was
associated with recurrent events and patient prognosis.
Using retrospective analysis, we investigated the clinico-
pathologic characteristics of thymomas from patients with
pleural dissemination. We assessed the association between
depth of invasion and prognosis of the patients to identify
predictive factors and establish treatment strategies.

MATERIALS AND METHODS
Patients

For this study, 316 successive cases of surgically
excised thymomas performed between 2003 and 2019 were
retrieved from the thoracic surgical pathology files of the
Nagoya University Hospital. Microscopic sections from
these patients were re-reviewed by one pathologist (H.T.)
to confirm the diagnosis of thymoma without prior
knowledge of the clinical data. The study excluded nine
patients whose resected specimens were not applicable to
this study (6 specimens were not definitively proven to be
thymomas, and 3 specimens could not be evaluated due to
marked necrosis). In the remaining 307 thymoma patients,
we identified 20 cases that had 120 lesions with pleural
disseminations. All the selected cases/specimens had ade-
quate clinical information and histologic material for

examination. In addition to hematoxylin and eosin (H&E)-
stained specimens from each case, the relevant sections
were submitted for Elastica van Gieson staining to detect
the presence of elastic layers.

All available clinical and follow-up information was
obtained from the patients’ charts. This retrospective study
protocol was approved by the institutional review boards of
the Nagoya University Hospital (2017-0125). Pathologic
staging was based on TNM classification,® and histologic
tumor type was determined according to the World Health
Organization classification.?’

Definition of the Invasion Depth of Pleural Tumors

The current TNM classification for thymic tumors® has
no definition or classification regarding invasion depth of
the disseminated pleural nodules. The TNM classification
of lung cancer defines the depth of visceral pleural invasion
in detail, and patients are classified in each T descriptor as
described previously.’ Furthermore, the Japan Lung Cancer
Society for domestic cancer registration subclassifies T3
into three subcategories according to invasion depth on the
parietal pleura.’>*' Both definitions are classified in terms
of whether the tumor invades the pleura beyond the elastic
layer or not.

In this study, following the definition style for lung
cancer invasions, we identified the invasion depth of
pleural tumors according to the following specifications. In
cases with pleural nodules on visceral pleura, when the
tumor had invaded the pleura beneath the inner elastic
layer, the tumor was diagnosed as Da; when the tumor had
invaded the lung parenchyma beyond the inner elastic
layer, the tumor was diagnosed as Db (Fig. 1A and B). In
the case with pleural nodules on the parietal pleura or
diaphragm, when the tumor had invaded the parietal pleura
beneath the elastic layer, the tumor was diagnosed as Da;
when the tumor had invaded the muscle layer (chest wall or
diaphragm) beyond the elastic layer, the tumor was diag-
nosed as Db (Fig. 1C and D).

When the tumor cells appeared to be entrapped within
the thick elastic layer, the tumor was diagnosed as Da.
When different criteria of invasion depth were seen in
different nodules in a patient, the deepest one was applied
regardless of the site of dissemination.

Statistical Analysis

To identify prognostic factors, we selected 12 categor-
ical variables: age (<55 vs >55 years), sex (male vs
female), histologic subtype (B1 vs B2-B3), surgical pro-
cedure (DS vs EPP), MCR (achieved vs none), pathologic
status of the surgical margin (PSM) (positive vs negative),
depth of pleural invasion (Da vs Db), invasive growth
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FIG.1 (a) Scheme showing the
visceral pleural layers
corresponding to the pathologic
image in (b). (b) Elastica van
Gieson staining showing the
elastic layers of the visceral
pleura. a Submesothelial layer.
b Outer elastic layer.

¢ Interstitial layer. d Inner
elastic layer. e Alveoli (lung
parenchyma).

(¢) Scheme showing the parietal
or diaphragm pleural layers
corresponding to the pathologic
image in (d). (d) Elastica van
Gieson staining showing the
elastic layers of the diaphragm.
f Fascia. g Muscle layer.

pattern (expansile vs infiltrative), tumor size (<4.0 vs >4.0
cm), induction chemotherapy (not performed vs per-
formed), dissemination status (primary vs recurrent), and
number of disseminated nodules (1-10 vs >11).

Analyses were performed using commercially available
statistical software: SPSS version 26 (IBM Corp., Amonk,
NY, USA). Statistical differences in clinicopathologic
correlations were examined using the chi-square test. Dif-
ferences between mean values of continuous variables
were examined using the ¢ test. Overall survival (OS) rates
were calculated from the date of resection to the date of the
last follow-up visit or death.

Progression-free survival rates (PFS) were calculated
from the date of resection to the date of the last follow-up
visit or the date of recurrence detection using the Kaplan-
Meyer method. The PFSs were compared using the log-
rank test. For thymoma patients with pleural dissemination,
PFS is considered to be a reliable measure of outcomes
when the disease is thought to be still present after treat-
ment.”> To eliminate the arbitrary nature of setting a
threshold, the effect of variables on PFS were evaluated
using the Cox proportional hazards model. The differences
were considered to be significant when the P value was
lower than 0.05.

RESULTS
Clinical Features

Patients” clinicopathologic characteristics and their
associations with the depth of pleural invasion are pre-

sented in Table 1. The median patient age of the 20 patients
(9 men and 11 women) was 55 years (range, 31-77 years).

Of the 20 patients, 7 had de novo stage IVa thymoma, and
13 had recurrent thymoma with pleural disseminations. The
median interval from the initial resection to recurrence was
51 months (range, 19-144 months).

Clinically, almost all the patients were asymptomatic,
and abnormal shadows were pointed out from routine fol-
low-up computed tomography images. Two patients were
symptomatic, one with exacerbation of myasthenia gravis
(MG) and one with chest pain. Three patients had histories
of MG, and one patient had pure red aplasia. Preopera-
tively, 11 patients received neoadjuvant chemotherapy, and
1 patient received adjuvant chemotherapy postoperatively.
The median follow-up period was 82 months (range,
17-194 months).

Surgical Procedures

The EPP operation was performed for selected young
patients who had cardiopulmonary function sufficient to
undergo pneumonectomy and stable MG under good con-
trol, and DS was performed for patients with a general and/
or disease condition not indicated for EPP. In this cohort,
EPP with or without thymectomy was performed for eight
patients. For 12 patients, DS with or without thymectomy
was performed. For 17 patients (7 patients with EPP and 10
patients with DS), MCR was achieved. Two of the
remaining three patients with DS had too many dissemi-
nated nodules to achieve MCR, and one patient with EPP
had a nodule deeply infiltrating the intervertebral foramen.
No perioperative deaths occurred. Postoperative compli-
cations were observed in two patients (17%) with DS (MG
crisis and massive pleural effusions) and in two patients
(25%) with EPP (bleeding and heart failure).
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TABLE 1 Association between
clinicopathologic characteristics

Deepest degree of pleural invasion

and depth of invasion of Total Da® (n = 12) Db° p Value
disseminated nodules (n =20) (n=28)

Median age: years (range) 55 (31-77) 55 (41-71) 56 (31-77) 0.39

Sex 0.14
Male 9 7 2
Female 11 5 6

Associated disease
Myasthenia gravis 3 2 1 0.80

WHO histologic type 0.22
B1 2 2
B2 11 4 7
B3 7 6

Preoperative induction chemotherapy 0.07
Not performed 10 4 6
Performed 10 8 2

Primary case or recurrent case 0.06
Primary IVa case 6 6
Recurrent case 14 6 8

Surgical procedure 0.04
Debulking surgery 12 5 7
Extrapleural pneumonectomy 8

Macroscopic complete resection 0.54
Yes 17 11 6
No 3 1 2

No. of disseminated nodules 0.20
1-10 11 8
> 11 9 4

Tumor size (cm) 0.58
<40 10 6 4
> 4.1 10 6 4

The p value that showed significant differences is in bold

“Tumor invasion depth of the pleural disseminated nodule was beneath the internal elastic layer or when the
tumor cells appeared to be entrapped within the thick elastic layer.

*Invasion depth of the plural disseminated nodule was beyond the internal elastic layer and reached to the
pulmonary parenchyma or the muscle layer of the diaphragm and chest wall. Statistically significant values

are accented in bold font.

Histologic Features

Pathologic examination led to a diagnosis of type Bl
thymoma for 2 patients, type B2 thymoma for 11 patients,
and type B3 thymoma for 7 patients. The histology of the
disseminated nodules was identical to that of the primary
tumor in all the patients. Almost all the disseminated
nodules, except for four lesions, showed an expansile
growth pattern, with the nodules relatively well-circum-
scribed and generally arranged in the form of distinct
lobules. The excepted four lesions, all of which involved
the diaphragm, showed an infiltrative growth pattern with

poorly circumscribed margins and irregular nests infiltrat-
ing the normal tissue.

Of 17 patients who achieved MCR, 8 had microscopic
tumor cells at the surgical margin of at least one dissemi-
nated nodule removed (positive PSM) (1 patient with EPP
and 7 patients with DS). According to surgical records, the
number of disseminated nodules ranged from 1 to innu-
merable, with 11 cases having 10 nodules or fewer and 9
cases having more than 10 nodules.
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Depth of Invasion

The penetration sites of the 120 lesions in the thoracic
cavity included the chest wall (n = 42), the lung (n = 54),
the diaphragm (n = 23), and the pericardium (n = 1). In
terms of location, 32 Da and 10 Db nodules were on the
chest wall, 41 Da (Fig. 2A and B) and 13 Db (Fig. 2C and
D) nodules were on the visceral pleura, and 16 Da (Fig. 3A
and B) and 7 Db (Fig. 3C and D) nodules were on the
diaphragm. One Db nodule was invading the pericardium.

In the whole group, 31 (26%) of 120 disseminated
nodules invaded beyond the elastic layer into the pul-
monary parenchyma or the muscular layer of the chest wall
or diaphragm. The depth of invasion did not differ signif-
icantly among the penetration sites including the chest
wall, the visceral pleura, and the diaphragm. In eight
patients, Db nodules were found, all of which were
recurrent cases. Seven patients with Db nodules showed
positive PSM.

Follow-up and Prognostic Factor Analysis

Disease progression was noted in 12 patients (60%).
After 5 years, the OS was 95% and the PFS was 50%
(Fig. 4A and B). The depth of invasion was associated
negatively with the 5-year OS and PFS outcomes. The OS
at 5 years was 100% in the Da group and 75% in the Db
group (P = 0.02). The PFS was 66.7% in the Da group and
25% in the Db group (P = 0.02) (Fig. 4C and D).

The two groups differed significantly in both OS and
PFS. The PSM was associated with the 5-year PFS (P =
0.01), but not with the OS (P = 0.20). The depth of invasion
was significantly correlated with surgical procedure (P =

FIG. 2 (a, b) Da and (c, d) Db
type disseminated nodules on
the visceral pleura. (a, b) Type
B3 thymoma tumor cells
invading the outer elastic layer
of the visceral pleura (black
arrow), but not the inner elastic
layer (white arrow). (c, d) Type
B2 thymoma tumor cells
invading the lung parenchyma
beyond the inner elastic layer
(white arrow). (a,

¢) Hematoxylin and eosin
staining and (b, d) Elastica van
Gieson staining.

0.04), PSM (P = 0.01) and progression of disease (P =
0.02). Cox univariate analysis showed that the depth of
pleural invasion (P = 0.03) and PSM (P = 0.02) signifi-
cantly influenced the PFS (Table 2). The variables age, sex,
histologic type, surgical procedure, MCR, growth pattern,
number of disseminated nodules, preoperative induction
chemotherapy, dissemination status, and tumor size were
not associated with PFS. Multivariate analysis was not
performed due to the small number of cases.

DISCUSSION

Thymomas show relatively slow progression and rarely
invade neighboring structures or metastasize to other
organs, in contrast to thymic carcinomas. Thymomas can
sometimes show pleural disseminations at the initial diag-
nosis or during follow-up evaluation after treatment.”**

The optimal management strategy for thymomas with
dissemination remains a matter of debate. The current
study investigated 120 lesions from 20 thymoma patients
with pleural dissemination to determine the relationship
between clinicopathologic factors and prognosis. The
findings showed that the invasion depth of disseminated
nodules was associated with the OS and PFS. Additionally,
about one fourth of disseminated nodules invaded beyond
the elastic layer, deeper than surgeons generally expect.
Patients with disseminated nodules classified as Da (less
invasive spreading) had a higher probability of prolonged
OS and PFS and tended to achieve negative PSM compared
with patients who had Db (more invasive spreading beyond
the inner elastic layer).
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FIG. 3 (a, b) Da and (c, d) Db
type disseminated nodules on
the diaphragm. (a, b) Type B3
thymoma tumor cells invading
the fibroadipose tissue of the
diaphragm, but not the elastic
layer (white arrow). (c, d) Type
B2 tumor cells invading the
muscular layer beyond the
elastic layer (white arrow). (a,
¢) Hematoxylin and eosin
(H&E) staining and (b,

d) Elastica van Gieson staining.
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In non-small cell lung cancer, visceral pleural invasion
increases T category and is one of the most important
prognostic factors.>>® Extent of visceral invasion affects
patient prognosis. Despite some small degree of variation,
the visceral pleura consists of five layers: mesothelial, sub-
mesothelial, outer elastic, interstitial, and inner elastic
layers.”®**! Invasion through the elastic layer correlates
with aggressive behavior and prognosis for lung cancers.

Although the recognition of pleural invasion is very
important for the strategy used to treat lung cancer patients,
the elastic layer of the visceral pleura is not defined by
H&E staining alone. Elastic stain is known to be very
helpful in identifying the elastic layer and is recommended
for the pathologic examination of lung cancer.** Although

the visceral pleura usually shows two elastic layers (inner
thin and outer thick elastic layers), the layers are not
always distinct. Therefore, the dominant (most visible)
elastic layer is the focus for assessment of visceral pleural
invasion in such circumstances.

The structure of parietal pleura is similar to that of the
visceral pleura.”® An outer elastic layer consists of loose
discontinuous elastic fibers and is sometimes difficult to
identify, even if elastic stain is used.

In the current study, the inner elastic fibers that present
above the fascia of skeletal muscle of the chest wall or
diaphragm were used to evaluate the depth of invasion. We
found that the OS and PFS differed significantly between
the Da and Db groups, with the former showing a better
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TABLE 2 Univariate analysis

. . . HR (95% CI) p Value

of potential survival prognostic

factors using the Cox Age 0.993 (0.943-1.046) 0.79

proportional hazards model Sex 0.824 (0.257-2.640) 0.75
Histologic type 27.826 (0.031-9.562) 0.34
Surgical procedure 0.371 (0.100-1.381) 0.14
Macroscopic complete resection 4.145 (0.899-19.101) 0.07
Pathologic status of surgical margin 3.920 (1.211-12.683) 0.02
Growth pattern of disseminated nodules 2.399 (0.716-8.043) 0.14
Depth of pleural invasion 3.763 (1.158-12.225) 0.03
No. of disseminated nodules 1.612 (0.516-5.037) 0.41
Preoperative induction chemotherapy 0.639 (0.201-2.036) 0.45
Recurrent case 2.769 (0.601-12.758) 0.19
Tumor size (largest nodule) 2.213 (0.664-7.379) 0.20

HR, hazard ratio; CI, confidence interval

prognosis than the latter. Our findings indicated that the
microscopically determined depth of pleural invasion
(disseminated nodules) is important for evaluating patient
prognosis. Accordingly, the elastic layers of both the vis-
ceral and parietal pleurae can be used as key landmarks of
prognosis.

In the current cohort, two types of surgical procedures
were performed: DS and EPP. The DS procedure needs a
relatively short operation time and resection of a small
volume of the neighboring structures. Therefore, this pro-
cedure is less invasive, and the patient’s quality of life
(QoL) is preserved compared with other procedures. In
contrast, although MCR can be achieved with DS proce-
dures, complete pathologic resection without microresidual
tumor is extremely difficult to obtain because invisible
microscopic tumor cells cannot be completely resected.
Actually, several patients have received repeated resections
for repeated recurrences of pleural disseminations in this
cohort. Patients who underwent two or more repeated
resection procedures showed a better prognosis than those
without repeated resection.'>*> Yano et al.” reported that a
longer DFS was associated with multidisciplinary treat-
ment using a steroid pulse, MCR with DS, and
postoperative radiotherapy. However, they also mentioned
that their treatment strategy was not curative.

On the other hand, the EPP procedure makes it possible
to achieve not only MCR but also complete pathologic
resection, especially for patients with the Da type of dis-
seminated nodules, which also may lead to a longer PFS.
Conversely, QoL is occasionally lower than that of other
procedures because pneumonectomy is a highly invasive
procedure. Ishikawa et al.'” reported that patients who
received EPP instead of DS had a more favorable prog-
nosis. Fabre et al.'® also reported the long-term outcome
for 17 patients with stage IVa thymoma who received EPP.
It was concluded that EPP, as part of multidisciplinary

treatment, may provide good long-term survival for highly
selected patients despite the association of significant EPP
morbidity and mortality rates.'®

In the current study, 5 of 12 patients with DS and 7 of 8
patients with EPP achieved complete resection with a
negative PSM. Although the type of surgical procedure was
not found to be significantly associated with PFS, EPP
tended to achieve complete resection of disseminated
nodules with negative PSM. Postoperative complications
were observed in two patients with EPP.

Previous studies with a limited number of patients who
had stage IVa or recurrent thymoma with pleural dissem-
ination reported a wide range of 5-year OS, from 60% to
93%."'>!71933 In accordance with previous reports,'®?
dissemination status (primary or recurrent tumor) in our
study was not significantly associated with the prognosis of
the patients, although the disseminated nodules in recurrent
cases tended to invade beyond the elastic layer.

According to a recent study based on a large-scale
database of thymoma patients with pleural dissemination
from the Japanese Association for Research on the Thy-
mus, the 5-year OS and recurrence-free survival rates were
respectively 89% and 30%.” The 5-year OS and PFS rates
in the current study were respectively 95% and 50%, which
are comparable with previous findings.

In the current study, the growth pattern of thymoma-
derived pleural-disseminated nodules tended to be well-
circumscribed, expansile, and lobular rather than infiltra-
tive. This indicates that the individual disseminated
nodules can be resected with adequate surgical margins.
However, tumor cells were observed sometimes infiltrating
beyond the elastic layer into the underlying parenchyma,
especially in recurrent cases.

Based on the current findings, to promote prolonged OS
and PFS, surgeons should aim to achieve complete resec-
tion of the nodules with a negative PSM. However,



1836

S. Nakamura et al.

surgeons find it difficult to discern during surgery whether
the disseminated lesion is confined beneath the elastic layer
or invading beyond the elastic layer (Da or Db).

Notably, the size of disseminated nodules was not
associated with the depth of pleural invasion. Therefore, to
determine the depth of invasion during surgery, it is
important to assess the mobility of the nodule with palpa-
tion. When the nodule has limited mobility from the
surrounding tissue, it has likely invaded beyond the elastic
layer. In such cases, if the tumor is deemed resectable,
surgeons should attempt to remove it together with
underlying tissue to enhance the possibility of negative
surgical margins, which may improve patient prognosis.

The current study had several limitations. It was a ret-
rospective investigation, and the rarity of thymoma with
pleural dissemination made it difficult to collect a sufficient
number of patients from a single institution for evaluation
of prognostic factors. Because of the small patient cohort,
multivariate analysis was not performed. The results were
not compared with those of patients who received non-
surgical treatments. A better prognosis for patients who
underwent resection than for those who did not has been
previously reported.® Finally, the follow-up period for our
cohort was short, and 10-year OS and PFS rates were not
available for analyses. We hope the results of the current
study will stimulate further investigation regarding inva-
siveness of nodules from thymic malignancies, especially
the depth of pleural invasion.

In conclusion, this study demonstrated that the depth of
pleural invasion of disseminated nodules was significantly
associated with prognoses. The patients who had dissemi-
nated nodules entrapped within the thick elastic layer had a
higher probability of prolonged OS and PFS and tended to
achieve negative pathologic status of the surgical margin
compared with the patients who had disseminated nodules
invading beyond the elastic layer. The disseminated nod-
ules sometimes invaded the muscle layer or pulmonary
parenchyma beyond the elastic layer, generally showing
expansile growth pattern.

Surgeons should aim at complete pathologic resection
with negative surgical margins for the disseminated nod-
ules, which may contribute to improved patient prognosis.
Further studies with larger numbers of thymoma patients
are needed to confirm the results of the current study.
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