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ABSTRACT

Background. Cases of thymoma with pleural dissemina-

tion are occasionally encountered, and their management is

difficult. Some reports have noted that surgical treatment

for dissemination is effective, although the long-term

results and clinical course details remain unclear. The

current study investigated the short- and long-term out-

comes of surgical resection of pleural dissemination.

Methods. A retrospective review examined the medical

records for 38 patients who underwent surgical resection

for pleural dissemination occurring synchronously with a

primary thymoma or metachronously after complete sur-

gical resection of a primary thymoma between 1996 and

2017 at the authors’ institution. Clinical characteristics and

prognostic factors were analyzed.

Results. The patients were classified into synchronous

(n = 21) and metachronous (n = 17) groups. The 10-year

overall survival rate was 59% for the synchronous group

and 88% for the metachronous group. The median follow-

up period for all the patients was 61 months (range

4–225 months). No perioperative deaths occurred. For all

the patients, the 5- and 10-year overall survival rates were

respectively 91% and 82%, and the 5- and 10-year relapse-

free survival rates were respectively 29% and 19%. A

significantly worse prognosis was observed for patients

50 years of age or older than for those younger than

50 years (p = 0.02). For 13 patients who underwent repeat

resection for pleural dissemination, the prognosis was

better than for those without repeat resection (p\ 0.01).

Conclusion. Surgical resection of thymoma with pleural

disseminated nodules can be safely performed and provides

a favorable long-term outcome. Repeat resection is con-

sidered to be effective for achieving a good prognosis.

Thymoma is the most common primary malignancy

occurring in the anterior mediastinum.1 The standard

treatment for Masaoka stages 1 and 2 disease is primarily

surgery, with a favorable outcome often achieved.2 How-

ever, patients with thymoma often experience pleural

dissemination at presentation or even after resection for the

primary tumor. In fact, previous reports have shown that

7% of patients with thymoma have stage 4a disease, and

recurrence manifesting as pleural dissemination occurs in

7% to 19% of thymoma patients who undergo complete

resection.1,3,4

A large-scale retrospective study showed that surgical

resection, even when incomplete, might contribute to

treatment for invasive thymoma.3 We also previously

reported that re-resection was an acceptable option for

patients with recurrent thymoma after undergoing initial

resection.5 In other studies that focused on thymoma cases

with pleural dissemination, the benefits of surgical treat-

ment were shown.6–8 However, the numbers of patients in

these reports were limited, and the long-term outcomes and

details of the resection procedures used for dissemination
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remain unclear. As a leading institution in Japan, we

proactively perform resection for thymoma with

dissemination.

The current study analyzed the short- and long-term

outcomes of resection for pleural dissemination of thy-

moma in patients treated at our institution within the past

two decades, the largest such cohort from a single institute

reported worldwide.

METHODS

Patients and Methods

Between 1996 and 2017, 288 patients underwent sur-

gical treatment for thymoma at our hospital. Of these

patients, 38 (13%) underwent resection of pleural dissem-

ination, and 21 (7%) were found to have pleural

dissemination at the time of the initial resection (i.e., thy-

moma Masaoka stage 4a). In the current study, these

patients composed the synchronous group. In addition, 17

patients underwent resection for pleural recurrence after

macroscopic complete resection of thymoma initially

classified as Masaoka stages 1 to 3 or 4b (without pleural

dissemination) and composed the metachronous group. The

clinical records of the 38 enrolled patients were retro-

spectively reviewed and analyzed.

The study protocol was approved by the Ethics Review

Board for Clinical Studies of Osaka University (control no.

18297). The disease stage was determined using the

Masaoka staging system for thymic epithelial tumors.9 All

specimens obtained by surgery were reviewed by pathol-

ogists at our hospital, and the diagnosis was determined

according to the classification of the World Health Orga-

nization (WHO).10 Postoperative complications were

graded according to the Clavien-Dindo classification.11

Other Methods

The details of other methods are described in the

attached Supplementary File.

RESULTS

Follow-Up Period

The interval between the initial resection for pleural

dissemination nodules and the latest follow-up examination

of all the patients for the overall survival (OS) analysis

ranged from 3 to 225 months (median, 61 months). The

median follow-up period was 59 months (range

23–146 months) in the synchronous group and 63 months

(range 4–225 months) in the metachronous group.

Synchronous Group: Patient Characteristics,

and Clinical, Pathologic, and Surgical Factors

The patient characteristics as well as the surgical and

pathologic factors of the synchronous group are shown in

Table 1. Before surgery, 13 patients (62%) underwent

induction chemotherapy, which was most commonly a cis-

platin-based regimen with adriamycine, sisplatin, vincristine

and cyclophosphamide (ADOC) (n = 5, 39%). Of the 21

patients in this group, 19 had stage 4a disease and 2 had stage

4b disease with anterior mediastinal lymph node metastasis.

The surgical method was extended thymectomy in 10

cases (48%) and thymothymectomy in 11 (52%) cases. Lung

resection was required for 17 patients, with pneumonectomy

(pleuropneumonectomy) performed for 3 patients, bilobec-

tomy for 1 patients, lobectomy for 7 patients,

segmentectomy for 1 patient, and partial resection for 5

patients. Macroscopic complete resection was achieved for

16 patients (76%), whereas resection was judged to be

macroscopically incomplete for 5 patients. The reasons for

judging resection to be incomplete in these cases were as

follows: too many pleural dissemination nodules to achieve

complete resection, infiltration by a disseminated nodule of

the aortic arch, and nodule infiltration to the pulmonary

artery. However, in two of these cases, residual disease was

well controlled by postoperative radiotherapy. Resection

was ultimately judged to be complete for 18 patients.

No perioperative deaths occurred. Postoperative compli-

cations at the initial resection procedure for disseminated

nodules occurred for four patients (19%), including surgical-

site infection, postoperative hemorrhaging (grade 3b), car-

diac herniation after a pleuropneumonectomy (grade 3b),

and postoperative myasthenia gravis (MG) crisis (grade 4).

In 14 patients, 1 to 10 pleural dissemination nodules were

found, whereas in 7 patients, 11 or more were found.

Seven patients underwent postoperative therapy

(chemotherapy for 3 patients, chemotherapy and radio-

therapy for 3 patients, and radiotherapy for 1 patient). For

four of these patients (57%), relapse occurred. The 5- and

10-year OS rates for the synchronous group were respec-

tively 82% and 59%.

Metachronous Group: Patient Characteristics

and Clinical, Pathologic, and Surgical Factors

Table 1 presents the patient characteristics as well as the

surgical and pathological factors of the metachronous

group. Seven patients received adjuvant radiotherapy, and

one patient received chemoradiation therapy after resection

of the primary thymoma. The mean interval between pri-

mary thymoma resection and detection of pleural

dissemination recurrence was 47 months (range

12–110 months). For five patients (29%), complete video-
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TABLE 1 Clinical pathologic and surgical characteristics of 21

synchronous cases and 17 metachronous cases

Factor Synchronous

cases

(n = 21)

n (%)

Metachronous

cases

(n = 17)

n (%)

Age (years)

Range 28–75 30–65

Mean ± SD 50.2 ± 12.2 46.8 ± 9.9

Sex

Male 7 (33) 6 (39)

Female 14 (67) 11 (61)

Autoimmune disease

MG 6 (29) 7 (41)

PRCA 3 (14) 0

SLE 1 (5) 0

Paraneoplastic neurologic

syndrome

0 1 (6)

None 13 (62) 9 (53)

Pathologic stage of primary Masaoka

1 NA 3 (18)

2 NA 5 (29)

3 NA 7 (41)

4a 19 (90) 0

4b 2 (10) 2 (12)

WHO type of primary thymoma

A 0 1 (6)

AB 0 1 (6)

B1 3 (14) 3 (18)

B2 9 (43) 6 (35)

B3 9 (43) 6 (35)

Treatment after resection of the

primary thymoma

None NA 9 (53)

Radiation NA 7 (41)

Chemoradiation NA 1 (5)

Time to recurrenced pleural dissemination

from resection of primary thymoma

Range (months) NA 12–110

Mean ± SD NA 47 ± 30

Preoperative treatment

None 6 (28) 17 (100)

Steroid therapy only 2 (10) 0

ADOC 5 (24) 0

CAMP 3 (14) 0

CBDCA ? PTX 3 (14) 0

CODE 1 (5) 0

CDDP ? VP16 1 (5) 0

TABLE 1 continued

Factor Synchronous

cases

(n = 21)

n (%)

Metachronous

cases

(n = 17)

n (%)

Primary tumor size by preoperative

radiologic examination (cm)

Range 4.9–15.0 NA

Mean ± SD 8.1 ± 2.6 NA

Approach

Median sternotomy 8 (38) 0

Lateral thoracotomy 3 (14) 12 (71)

Hemiclamshell 3 (14) 0

Median sternotomy and lateral

thoracotomy

7 (33) 0

VATS (thoracoscopic alone) 0 5 (29)

Type of resection of thymus

Extended thymectomy 10 (48) NA

Thymothymectomy 11 (52) NA

Type of resection of pleural

dissemination

Resection of disseminated

nodules

18 (86) 17 (100)

Pleurectomy with disseminated

nodules

3 (14) 0

Combined resection

Lung 17 (81) 4 (24)

Pleuropnumonectomy 3 (14) 0

Bilobectomy 1 (5) 0

Lobectomy 7 (38) 0

Segmentectomy 1 (5) 0

Partial resection 5 (24) 4 (24)

Phrenic nerve 9 (43) 0

Superior vena cava 2 (10) 0

Brachiocephalic vein 5 (24) 0

Diaphragm 0 9 (53)

Operation time (min)

Range 203–811 59–474

Mean ± SD 395 ± 166.3 196.3 ± 103.7

Blood loss (g)

Range 275–3650 10–735

Mean ± SD 1191.2 ± 823.9 142.1 ± 178.5

Blood transfusion

Yes 11 (52) 0

No 10 (48) 17 (100)

Macroscopic completeness of

resection

Complete 16 (76) 15 (88)

Incomplete 5 (24) 2 (12)

Postoperative complications

Yes 4 (19) 1 (6)

No 17 (81) 16 (94)

Surgery for Pleural Dissemination of Thymoma 2075



assisted thoracoscopic surgery was selected as the surgical

approach. Partial pleurectomy was performed for all the

patients. Nine patients had tumors that required diaphragm

resection. No operative deaths occurred. One patient (7%)

had a postoperative complication, a postoperative pul-

monary fistula (grade 3b), at the initial resection of

disseminated nodules. In 12 patients, 1 to 10 pleural dis-

semination nodules were found, whereas 11 or more were

found in 5 patients. Histologic ‘‘upgrading,’’ defined as

migration of the WHO class assigned at the time of the

initial diagnosis of thymoma to the WHO class assigned at

the time of recurrence resection, was noted in six patients

(35%). The 5- and 10-year OS rates for the metachronous

group were respectively 100% and 88%.

Long-Term Outcomes for All Patients

During the observation period, six deaths occurred (in-

cluding 4 tumor-related deaths) in the synchronous group

and 1 death occurred (not tumor-related) in the metachro-

nous group. For all the patients, the 5- and 10-year OS rates

were respectively 89% and 71% (Fig. 1a), whereas the 5-

and 10-year recurrence-free survival (RFS) rates were

respectively 30% and 20% (Fig. 1b).

Clinical Course After Initial Resection of Thymoma

Pleural Dissemination

The clinical courses of our patients after initial resection

of thymoma pleural dissemination are presented in Fig. 2.

For 20 patients, relapse in the pleural cavity developed

after initial resection for disseminated nodules, including

13 in the synchronous group and 7 in the metachronous

group. The average interval between the first resection of

disseminated nodules and relapse was 24 months in the

synchronous group, and 32 months in the metachronous

group. In the entire cohort, 13 patients (34%) underwent re-

resection for disseminated pleural nodules, defined as two

or more repeated resection procedures for pleural dissem-

ination nodules.

TABLE 1 continued

Factor Synchronous

cases

(n = 21)

n (%)

Metachronous

cases

(n = 17)

n (%)

Adjuvant therapy

Chemotherapy 3 (14) 3 (18)

RT 1 (5) 2 (12)

Chemotherapy and RT 3 (14) 0

None 14 (67) 12 (71)

Primary tumor size by resected

specimens

Range (cm) 1.4–15.0 NA

Mean ± SD 7.7 ± 3.0 NA

Resected disseminated nodule tumor

size by resected specimens

Range (cm) 0.5–10.0 0.2–15.0

Mean ± SD 3.6 ± 3.3 3.9 ± 3.6

No. of resected disseminated nodules

1–10 14 (67) 12 (71)

[ 11 7 (33) 5 (29)

WHO upgrade

Yes NA 6 (35)

No NA 11 (65)

SD standard deviation, MG myasthenia gravis, PRCA pure red cell

aplasia, SLE systemic lupus erythematosus, NA not applicable, WHO

World Health Organization, ADOC adriamycine, sisplatin, vincristine

and cyclophosphamide, CAMP cisplatin, doxorubicin, metylpred-

nisolone, CBDCA carboplatine, PTX paclitaxel, CODE cisplatin,

vincristine, doxorubicin, etoposide, CDDP cisplatin, VP-16 etoposide,

VATS video-assisted thoracoscopic surgery, RT radiation therapy
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FIG. 1 a Overall survival (OS) of all patients. The OS rates were

89% after 5 years and 71% after 10 years. b The relapse-free survival

(RFS) of patients judged to have complete resection. The RFS rate

after 5 years was 30%
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Table 2 presents the characteristics of our patients with

and without resection. The group without resection inclu-

ded three patients who received chemotherapy, five who

received radiotherapy (RT), one who received both

chemotherapy and RT, and four who received no treatment.

The patient characteristics did not differ significantly

Patients who underwent resection of 
pleural dissemination nodules (n=38; Syn21, Met 17) 

No relapse (n=13)

Resection (n=13)

Relapse (n=20)

No relapse (n=6)

Re-relapse (n=7)

Without resection (n=7)
(DOD 2, DOAD 1)

Resection (n=3)

Without resection (n=4)

Without resection (n=2)

Re-relapse and resection >3 times (n=1)

Incomplete resection (n=5)
(DOD 2, DOAD 1)

FIG. 2 Clinical course of all

patients after initial resection for

thymoma disseminated nodules.

Syn synchronous group, Met

metachronous group, AWD alive

with disease, DOAD died of

another disease, DOD died of

disease

TABLE 2 Characteristics of patients with and without repeat resection

Factor Repeat resection (?)

(n = 13)

Repeat resection (-)

(n = 25)

p value

Median age: years (range) 44 (35–75) 50 (28–65) NS

Gender

Male/female 4/9 16/9 NS

Type of disseminationa

Synchronous/metachronous 7/6 14/11 NS

Perioperative complicationa (C grade 3): yes/no 1/12 3/22 NS

First resection for dissemination, WHO classification B3/other 6/7 9/16 NS

Adjuvant chemotherapy after first resection for dissemination: yes/no 3/10 3/22 NS

NS not significant, WHO World Health Organization
aAt the time of the first surgery for dissemination

TABLE 3 Results from the univariate analysis of prognostic factors in patients with thymoma pleural dissemination

Factor 10-year OS

(%)

P value 5-year RFS

(%)

p value

Age (\ 50 vs C 50 years) 90 versus 52 0.02 28 versus 29 NS

Sex (male vs female) 74 versus 66 NS 47 versus 22 NS

Macroscopic complete resection (yes vs no) 71 versus 40 NS – –

Time to 1st recurrence (\ 24 vs C 24 months) 63 versus 81 NS – –

Histologic type (B3 vs others) 72 versus 75 NS 38 versus 24 NS

Size of resected nodules (\ 2.5 vs C 2.5 cm) 73 versus 71 NS 44 versus 0 NS

No. of dissemination nodules (\ 11 vs C 11) 79 versus 51 NS 35 versus 0 NS

Dissemination type (synchronous vs metachronous) 59 versus 88 NS 20 versus 46 NS

Adjuvant chemotherapy (yes vs no) 63 versus 73 NS 20 versus 34 NS

Treatment era (1996–2006 vs 2007–2017) 76 versus 66 NS 44 versus 31 NS

OS overall survival, RFS relapse-free survival, NS not significant
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between the patients with and those without repeat resec-

tion. To evaluate the validity of repeat resection for

disseminated nodules, we also compared the OS between

these two groups using the Kaplan–Meier method

(Fig. S1). The patients who underwent repeat resection

showed a better prognosis than those without repeat

resection (p\ 0.01). During the clinical course, surgical

resection for disseminated regions was ultimately aban-

doned for 13 patients because the nodules were technically

difficult to resect in 6 patients, distant metastasis was

present in 4 patients, and the general condition of 1 patient

was too poor for a surgical procedure to be tolerated. In

addition, one patient died of an unrelated disease during the

observation period, and one patient is considering treat-

ment at this writing.

Univariate Analyses

To determine the association with the long-term out-

come, a univariate analysis was performed using age (\ 50

vs C 50 years), gender (male vs female), macroscopic

complete resection (yes vs no), time to recurrence from the

first resection for thymoma disseminated nodules (\ 24

vs C 24 months), histologic type (B3 vs others), size of the

resected nodule (\ 2.5 vs C 2.5 cm), dissemination type

(synchronous vs metachronous), presence of perioperative

complications (yes vs no), adjuvant chemotherapy (yes vs

no), and treatment era (1996–2006 vs 2007–2017) as fac-

tors (Table 3). Age was the only factor shown to have a

significant association with the long-term outcome (10-

year OS, 10-year RFS). However, regarding RFS, the

patients with 11 disseminated nodules or more tended to

show a better survival than those with 10 nodules or fewer,

although the difference was not significant.

DISCUSSION

In the current study, both the feasibility and favorable

long-term outcomes of surgical treatment for pleural dis-

semination of thymoma were demonstrated. We also found

that patients who underwent repeat resection tended to

have a better OS than those who did not undergo this

surgery.

In Haniuda et al.1 reported a 5-year OS rate of 47% and

a 10-year OS rate of 35% in a series of 15 patients who

underwent resection for pleural dissemination recurrence.

Thereafter, several authors added reports showing a 5-year

OS of 43% to 92% and a 5-year RFS of 13% to 90% in

such cases.7,12–14

Murakawa et al.7 were the first to divide patients into

synchronous and metachronous groups according to the

timing of dissemination detection and to conduct an

analysis of the midterm results after surgical resec-

tion. However, their findings were limited by the relatively

small number of patients examined (n = 13) and the short

observation period (31 months).

Recently, using large-scale databases, Japanese and

Italian researchers have shown the results from resection of

thymoma with pleural dissemination,15,16 although the

treatment strategy for thymoma with pleural dissemination

differs among institutions and the details of the clinical

courses of each patient could not be demonstrated in these

nationwide investigations. The current study is the largest

retrospective analysis reported by a single institution

worldwide, so our findings clarifying the long-term results

of surgical treatment and the clinical course details after

resection performed under a consistent policy are consid-

ered to be valuable. We noted 5- and 10-year OS rates of

91% and 82%, respectively, and observed 5- and 10-year

RFS rates of 29% and 19%, respectively. Such findings

concerning the long-term outcome are quite compatible

with other results previously reported.6–8

According to some studies reporting the prognosis of

patients who have thymoma with pleural dissemination,

macroscopic complete resection is an important factor

influencing the rates of survival and recurrence.8,15,16 In

our study as well, patients who underwent macroscopic

complete resection tended to have a good prognosis

(p = 0.06). Okuda et al.15 also noted that the number of

pleural disseminated nodules (C 11) was a prognostic

factor. In our cohort, the 10-year OS was 51% for patients

with 11 or more disseminated pleural nodules and 79% for

those with 10 or fewer disseminated pleural nodules, which

was quite similar to their results. Regarding the mechanism

underlying these phenomena, it is considered that even if

macroscopic complete resection is performed, patients who

have microscopic dissemination will eventually experience

relapse. Therefore, it is speculated that patients with 11

lesions or more tend to have more microscopic nodules

than patients with 10 or fewer lesions.

Both disease status and patient general condition differ

between synchronous and metachronous dissemination

cases, making it necessary to consider the treatment strat-

egy separately for these two groups. For patients with

synchronous dissemination, we proactively perform pre-

operative chemotherapy or steroid therapy, followed by

surgery.17 Surgical resection is aggressively indicated for

these patients because the reported long-term outcome after

chemotherapy alone is limited (5-year OS rate, 63%),18 and

it also has been shown that the prognosis of invasive and/or

advanced thymoma patients who undergo surgical resec-

tion, even when incomplete, is better than that of patients

without resection.19
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To achieve a better rate of complete resection rate and

improve the prognosis, preoperative chemotherapy or

steroid therapy should be performed.20,21 Indeed, of our 21

patients, 14 (67%) received preoperative therapy, including

chemotherapy for 12 patients and steroid therapy for 2

patients, with 15 patients (86%), including all who under-

went preoperative therapy, achieving complete resection.

Surgical resection also is considered the first choice of

treatment for metachronous dissemination.6,16 However,

preoperative therapy for these patients is not proactively

indicated at our institution because those with metachro-

nous disseminated nodules might not benefit from

preoperative therapy because the resectability of the dis-

seminated nodules does not seem to be influenced by such

treatment. In terms of surgical approach for resection of

dissemination, thoracoscopic surgery has recently been

recognized as a viable option.

Kimura et al.22 noted that a complete video-assisted

thoracoscopic surgery (VATS) approach for early-stage

thymoma was feasible. However, no reports have com-

pared complete VATS for recurrent thymoma with open

thoracotomy, so its safety and effectiveness remain

unknown. Because thoracoscopy is useful for detailed

observations of the thoracic cavity, we have performed

thoracotomy with thoracoscopic assistance in most cases.

However, in the current study, this approach was applied in

only 4 (27%) of 15 cases. Furthermore, the proportion of

complete VATS cases was low, which was consistent with

the study of Marulli et al.16 This may have been the case

because disseminated nodules often are present in the

cardio-phrenic angle, resulting in a difficult approach with

VATS alone. Improvements in the devices used may

improve the availability of a complete VATS approach for

pleural dissemination.

The current results indicate that repeat resection for

recurrent pleural dissemination is effective. In a compar-

ison of OS after the initial resection between patients with

and without repeat resection, the former group had a sig-

nificantly better prognosis than the latter. Based on our

institutional policy, we perform upfront surgery for recur-

rence deemed completely resectable by radiologic

examinations. Therefore, recurrent disease with unifocal

progression tends to be considered resectable, whereas

multifocal progression tends to be considered unresectable.

The general condition also is included in the criteria

determining indication for re-resection. Patients who have

a good general condition and can tolerate an operation are

therefore candidates for re-resection.

Although selection bias should be carefully considered

before interpretation of the OS findings, we consider that

this favorable result for patients who underwent repeat

resection supports our treatment policy to resect as much of

the pleural dissemination of recurrent thymoma as possible.

In fact, one patient in our series underwent six different

procedures, including the initial resection of stage 4 thy-

moma, for resection of dissemination and showed no

recurrence at the final observation time point.

Among the variables analyzed in our study, only age

older than 50 years was associated with a poor OS

(p = 0.02), which may be attributed to the effects of age on

the performance status (PS) and surgery-related endurance.

We speculate that as age increases, the feasibility of sur-

gical resection for postoperative recurrence declines.

The current study had some limitations. First, despite

our study involving the largest number of cases from a

single institution worldwide, it remains difficult to draw a

definitive conclusion regarding the significance of surgical

resection for thymoma with pleural dissemination. Fur-

thermore, the current risk factor analysis might have been

insufficient because few deaths occurred due to the rela-

tively long survival associated with this disease. A larger

study population may be needed to overcome these

limitations.

In addition, this study analyzed data accumulated during

a period of 20 years. In the comparison of past findings

with more recent cases, the progression of surgical tech-

niques, such as the advent of thoracoscopy, may have had

some degree of influence on opportunities to perform sur-

gical resection. Finally, because our study did not compare

resection with other treatments, we were unable to evaluate

the detailed effects of surgical resection on the prognosis

compared with other therapeutic options.

CONCLUSION

Surgical resection for pleural disseminated nodules of

thymoma can be safely performed and provides a favorable

long-term outcome. Furthermore, repeat resection is con-

sidered to be effective for achieving good results. We

recommend that surgical resection for pleural dissemina-

tion of thymoma be proactively indicated.
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