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Abstract

Background Advanced thymomas with disseminated

nodules are difficult to manage, and the treatment strategy

remains undefined.

Methods A total of 28 thymoma patients with pleural

and/or pericardial disseminated nodules were treated at

Nagoya City University Hospital. Among them, 21 patients

underwent resection of thymoma and pleural disseminated

nodules. These patients were reviewed in the present study.

Results Preoperative steroid pulse therapy was performed

in 14 patients. Macroscopic total resection of all tumors

was achieved in 15 patients. Postoperative adjuvant

radiotherapy was performed for the mediastinum in 20

patients and hemithoracic irradiation (HTR) in 11 patients.

The overall survival rate of operated 21 patients was 73.1%

at 5 years. The patients who underwent resection showed a

better prognosis than the patients without resection

(p = 0.0006). Relapse was diagnosed in 14 of 21 patients

who underwent resection. Disease-free survival was 67.5%

at 1 year, 39.8% at 3 years, and 13.3% at 5 years. HTR

alone did not improve the disease-free survival. Among the

patients who underwent total resection, relapse-free sur-

vival was better than in the patients with subtotal resection

(p = 0.009). Achievement of a trimodality therapy with

preoperative steroid pulse, total resection, and postopera-

tive HTR was associated with prolonged relapse-free sur-

vival in the operated patients (p = 0.027, hazard ratio

6.452).

Conclusions Pursuing total resection for thymoma and

disseminated nodules may be beneficial for stage IV thy-

moma. The combination of preoperative steroid pulse

therapy, macroscopic total resection, and postoperative

HTR may prolong the interval to relapse, but it did not lead

to cure.

Introduction

Thymomas are neoplasms arising from thymic epithelial

cells with nonneoplastic T lymphocytes to varying

degrees. Surgical resection has been advocated as the

principal treatment, and completeness of resection has

been considered the most important determinant of long-

term survival for patients with thymoma [1–4]. Never-

theless, advanced-stage diseases such as tumors with

pleural and/or pericardial disseminated nodules are diffi-

cult to manage, and the treatment strategy for those dis-

eases remains undefined [5, 6]. Chemotherapy has shown

significant antitumor activity against unresectable, recur-

rent, or metastatic thymomas [7, 8]. Preoperative che-

motherapy for advanced thymomas has not been

established, although neoadjuvant chemotherapy has been

attempted and multimodality therapy using chemotherapy

has been reported [9, 10]. There is also no consensus

statement or randomized trial data to support adjuvant

radiation therapy for advanced thymomas. Recent reports

have shown that adjuvant radiation for the tumor bed did

not prevent pleural recurrences even if it decreased local

recurrences [11–13].

We have previously reported on the efficacy of steroid

pulse therapy for advanced thymomas [14, 15]. We pro-

posed it as induction therapy for advanced thymomas. In
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addition, we have used postoperative low-dose hemitho-

racic irradiation to prevent pleural recurrence. In the

present study, we retrospectively analyzed 21 thymoma

patients with pleural disseminated nodules who underwent

resection to determine the prognostic factors and efficacy

of resection and multimodality therapy that included pre-

operative steroid pulse therapy and postoperative hemi-

thoracic irradiation.

Patients and methods

We performed a retrospective review of clinical and

pathologic data for all thymoma patients undergoing

treatment at Nagoya City University Hospital between

January 1994 and March 2008. The study was approved by

the institutional review board of Nagoya City University

Hospital. Written informed consent was obtained from all

of the patients.

During this time period, 149 patients underwent treat-

ment for thymoma. There were 28 patients had World

Health Organization (WHO) stage IV thymoma with

disseminated nodules; and 21 of these patients underwent

resection. The 2004 revision of the WHO histologic TNM

classification and stage grouping of thymic epithelial

tumors [16] was utilized in the present study. Pretreat-

ment evaluation of the tumor was done by physical

examination, chest radiography, and chest computed

tomography (CT) scanning to evaluate the resectability

of the lesions. Resection status was regarded as

total resection when all visible nodules were resected

macroscopically.

Response to preoperative therapy was graded according

to the Response Evaluation Criteria In Solid Tumors

(RECIST) criteria. Partial response (PR) was defined as a

30% decrease and progressive disease (PD) as a 20%

increase. Preoperative and perioperative adverse events and

adverse events arising from adjuvant radiation therapy

were identified from the medical records and graded

according to the Common Terminology Criteria for

Adverse Events, version 3.

Survival analysis was performed using the Kaplan–

Meier method and the univariate log-rank test; it was cal-

culated from the beginning of primary treatment to death.

Disease-free survival was determined in patients who had

undergone total or subtotal resection and was calculated

from the date of surgery to the date of the first radiographic

study demonstrating recurrent disease or most recent study

demonstrating absence of disease. Prognostic factors and

relapse-related factors were analyzed with the Cox multi-

variate regression analysis using hazard ratio with 95%

confidence intervals (CI). Statistical significance was

defined as p \ 0.05.

Results

Clinical and pathologic data

All 21 patients with WHO stage IV thymoma with pleural

disseminated nodules underwent resection. There were 8

men and 13 women with a mean age of 53 years (median

49 years; range 33–78 years). Of the 21 patients, 11 had no

symptoms before treatment. Symptoms of myasthenia

gravis (MG) were recognized in two patients at the time of

treatment. One of these patients showed only MG symp-

toms, and the other patient had MG symptoms and cough.

The other chief clinical symptoms were chest pain (n = 4),

cough (n = 3), and dyspnea (n = 2). Anti-acetylcholine

receptor (AChR) antibodies were positive in eight patients.

Pretreatment biopsy of the mediastinal tumor or dissemi-

nated lesions was performed in all patients. A pathological

diagnosis was obtained before initial treatment in all

patients.

Preoperative chemotherapy with a platinum-based reg-

imen was performed in three patients: adriamycin/cisplatin/

vincristine/cyclophosphamide (ADOC) in two patients and

cisplatin/vincristine/cyclophosphamide in one patient.

Preoperative irradiation was performed in one patient at

another institution. Preoperative administration of steroid

was performed in 17 patients. Steroid pulse therapy with

venous infusion of 1 g of methylprednisolone over 3 days

was performed in 14 patients [15]. In the other 3 patients,

oral low-dose prednisolone was used.

Pleural disseminated nodules were recognized in all 21

patients. The most common surgical approach was a

median sternotomy for extended thymothymomectomy and

posterolateral thoracotomy to resect pleural disseminated

nodules. Visceral and parietal pleural disseminated lesions

were resected with small margins. Intercostal or pulmonary

parenchymal involvement was managed with intercostal

muscle resection or wedge resections of the involved lung

(n = 9). Lobectomy was performed in four patients and

bilobectomy (right upper and middle lobes) in three

patients. Other organs that were resected include the peri-

cardium in 13, diaphragm in 10, phrenic nerve in 7, and left

brachiocephalic vein in 6. In two patients the superior vena

cava was resected and reconstructed with a prosthetic

material. Because of chest wall invasion, partial resection

of the rib was required in one patient. Macroscopic total

resection of all tumors was achieved in 15 (71%) patients.

In six patients the main tumors and most of the dissemi-

nated nodules were resected, but visible, small dissemi-

nated nodules remained. These were regarded as subtotal

resections. In one patient, a pericardial disseminated nod-

ule was recognized and regarded as unresectable.

Postoperative adjuvant radiotherapy was performed

targeting the mediastinum in 20 patients (30–52 Gy).
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Postoperative radiotherapy was not performed in any

patient who underwent preoperative radiotherapy. In

addition, low-dose hemithoracic radiotherapy (HTR)

(10–16 Gy) was performed in 11 patients [17]. Trimodality

therapy—preoperative steroid pulse, total (n = 5) or sub-

total (n = 5) resection, postoperative HTR—was accom-

plished in 10 patients.

Using the WHO histopathologic classification of tumors

[16], thymomas were diagnosed as type AB (n = 1), B1

(n = 3), B2 (n = 7), B2–B3 (n = 3), and B3 (n = 7). Four

patients were diagnosed pathologically as having Masaoka

IVb disease. Of these four patients, pulmonary metastasis

was seen in one and anterior mediastinal lymph node

metastasis in the other three.

Efficacy of preoperative treatment

Three patients received preoperative chemotherapy. Two

of them were treated at another institution, however, so we

had no detailed data for these patients. One patient

underwent preoperative chemotherapy (cisplatin/vincris-

tine/cyclophosphamide) in our institution, and the effect

was stable disease (SD). Of the 14 patients who received

preoperative steroid pulse therapy, 6 achieved a partial

response (PR). The response rate was 42.9%. The rate of

reduction in size with RECIST (RRIS) for steroid pulse

therapy was 25.4%. RRISs in the WHO histopathological

classification were 19.5% for type AB (n = 1), 38.5% for

type B1 (n = 2), 33.0% for type B2 (n = 4), 20.1% for

type B2-3 (n = 3), and 16.8% for type B3 (n = 4).

Another eight tumors were diagnosed as SD, although six

tumors showed a size reduction of more than 10% (23.8%,

22.0%, 19.9%, 19.5%, 16.5%, 12.0%, 3.0%, and –8%). No

information was available regarding the preoperative irra-

diation performed on one patient at another institution.

Adverse events associated with preoperative treatment

and operation

One patient who underwent preoperative chemotherapy

showed grade 3 leukocytopenia. Grade 1 insomnia

appeared in all of the 14 patients receiving steroid pulse

therapy. There were no operative deaths, and the 30-day

mortality was 0%. The mean operating time was

424 ± 173 min (150–800 min). The mean blood loss was

2040 ± 1834 ml (205–7600 ml). Blood transfusions

of [1000 ml were required in five patients. Perioperative

adverse events occurred in 4 (19%) of the 21 patients.

Intraoperative cardiac arrest of unknown etiology occurred

in one patient who was successfully resuscitated and sub-

sequently discharged with no sequelae. Grade 2 chylotho-

rax appeared in two patients, and pleural drainage was

required. Grade 3 postoperative pneumonitis appeared in

one patient who underwent postoperative mediastinal

irradiation without HTR.

Adverse events associated with postoperative

radiotherapy

Three months after mediastinal irradiation and HTR, one

patient developed pneumonitis and pyothorax, for which

open drainage thoracotomy was required. Two years later

the patient died of bleeding from the thoracic cavity. In the

other 18 patients, adverse events were limited to grade 1 or

2 skin reactions, nausea, esophagitis, and pneumonitis. One

long-term adverse event, pulmonary honeycomb change

and Aspergillus infection, appeared in one patient. Anti-

mycotic therapy was given over a period of 11 years after

operation. This patient did not undergo HTR.

Overall survival and disease-free survival

The observation period was 2 to 142 months postopera-

tively. Nine patients died of tumor (n = 7) or related

morbidity (n = 2). The latter group included meningitis

during chemotherapy (n = 1) and bleeding from the pyo-

thorax cavity (n = 1). The overall survival for the 21

patients was 87.5% at 3 years, 73.1% at 5 years, and 37.6%

at 10 years (Fig. 1).

Clinicopathologic factors that could influence prognosis

were analyzed (Table 1). No prognostic factors emerged

during the univariate analysis. The 21 patients who

underwent resection showed a better prognosis than the

patients with dissemination who did not undergo resection

(n = 7) (p = 0.0006) (Fig. 2).

Relapse of the thymoma was diagnosed in 14 of 21

patients who underwent resection, with 13 of them occur-

ring within 5 years after operation. For the 21 patients,

disease-free survival was 67.5% at 1 year, 39.8% at

3 years, and 13.3% at 5 years, with a median disease-free

survival of 37.1 months (Fig. 3). For treatment of relapse,
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Fig. 1 Overall survival for 21 thymoma patients with pleural

disseminated nodules who underwent resection
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re-resections of metastases were performed in four patients,

chemotherapy in seven patients, and radiotherapy in one

patient. Best supportive care was selected for two patients.

Clinicopathologic factors were assessed to determine the

cause of the relapse (Table 2). Postoperative HTR did not

prolong disease-free survival ((p = 0.720). Relapses were

less frequent in patients who underwent total resection than

in the patients with subtotal resection (p = 0.009) (Fig. 4).

Relapse-free survival in patients who underwent trimo-

dality therapy (preoperative steroid pulse, total resection,

postoperative HTR) was better than in the patients without

such therapy (p = 0.0035) (Fig. 5). Trimodality therapy

with preoperative steroid pulse, total resection, and post-

operative HTR was the only significant factor for

Table 1 Prognostic factors for

21 cases

HRT hemithoracic irradiation,

CI confidence interval, AChR
anti-acetylcholine receptor

Factor No. 5-Year

survival

(%)

p (log-rank test) Hazard

ratio

95% CI

Sex

Male 8 87.5 0.123 3.45 0.652–18.3

Female 13 56.3

Age

\70 Years 16 84.6 0.086 4.88 0.665–35.7

C70 Years 5 0

Myasthenia gravis

– 19 71.1 0.379 2.61 0.285–23.9

? 2 100

AChR antibody

– 12 64.0 0.980 1.02 0.227–4.58

? 9 83.3

Maximum tumor size

\70 mm 8 83.3 0.669 1.43 0.274–7.46

C70 mm 13 66.7%

Masaoka stage

Iva 17 65.9 0.303 2.96 0.343–25.5

IVb 4 100

WHO classification

AB, B1, B2 11 (1, 3, 7) 88.9 0.156 2.89 0.625–13.3

B2-B3, B3 10 (3, 7) 40.0

Resectability

Total 13 77.9 0.312 2.14 0.474–9.62

Subtotal 8 60.0

Chemotherapy

? 3 50.0 0.547 1.94 0.215–17.600

– 18 76.2

Steroid pulse

? 14 81.8 0.476 1.72 0.379–7.810

– 7 60.0

Hemithoracic irradiation

? 11 77.8 0.747 1.28 0.284–5.780

– 10 68.6

Trimodality therapy (pulse ? resection ? HTR)

? 10 75.0 0.656 1.42 0.303–6.620

– 11 72.9

Trimodality therapy (pulse ? total resection ? HTR)

? 5 100 0.235 3.38 0.401–28.600

– 16 62.3
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prolonged disease-free survival in the operated patients in

the multivariate Cox regression analysis (p = 0.027), and

the hazard ratio was 6.452 (Table 3).

Discussion

A retrospective analysis was conducted for a series of thy-

moma patients with pleural disseminated nodules. This

disease was classified as T4 and stage IV in the TNM clas-

sification and stage grouping, respectively, of the WHO

[16]. The prognostic factors of T4 thymoma and optimal

treatment strategy have not yet been determined. In the

present study we demonstrated the efficacy of surgical

treatment. The 21 patients who underwent resection showed

a better prognosis than the 7 patients with dissemination who

did not undergo resection. As the surgical procedures, we

selected total resection of the thymoma and disseminated

lesions. Unfortunately, in 6 of 21 patients, small but visible

tumors were left unresected (subtotal resection). The dis-

ease-free interval in these six patients was shorter than in

patients who underwent macroscopic total resection,

although relapse has been observed even in patients with

total resection. Some reports have proposed extrapleural
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Fig. 2 Resection and prognosis. The 5-year survival rates were

73.1% for patients who underwent resection (n = 21) and 0% for

patients without resection (n = 7). Patients who underwent resection

showed a better prognosis than those without resection (p = 0.0006)
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Fig. 3 Disease-free survival for the operated 21 cases. Disease-free

survival was 67.5% at 1 year, 39.8% at 3 years, and 13.3% at 5 years,

with a median disease-free survival of 37.1 months

Table 2 Risk factors of relapse in 21 patients who underwent

resection

Factor 3-Year

disease-

free

rate

(%)

Median

disease-

free

interval

(%)

p
(log-rank

test)

Hazard

ratio

95% CI

WHO classification

AB, B1, B2 54.5 37.1 0.975 1.019 0.313–3.311

B2-B3, B3 42.9 15.2

BCV invasion

– 37.1 53.8 0.326 1.935 0.507–7.385

? 16.6 40.0

Preoperative chemotherapy

? 0 11.0 0.086 0.261 0.050–1.355

– 57.7 44.7

Steroid pulse

? 64.2 44.7 0.279 1.862 0.593–5.848

– 20.0 15.2

Resectability

Total 63.6 44.9 0.009 5.000 1.318–18.870

Subtotal 20.8 11.6

HTR

? 56.3 37.1 0.720 1.215 0.419–3.521

– 42.9 16.6

Trimodality therapy (pulse ? resection ? HTR)

? 76.2 52.2 0.083 2.710 0.845–8.700

– 25.0 15.2

Trimodality therapy (pulse ? total resection ? HTR)

? 100 71.8 0.0035 7.937 1.650–38.462

– 18.5 15.2

WHO World Health Organization
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Fig. 4 Disease-free survival and resectability. Relapses among

patients with total resection (n = 15) were clearly less frequent than

among those with subtotal resection (n = 6) (p = 0.009)
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pneumonectomy (EPP) for complete resection of pleural

disseminated nodules [10, 18]. EPP may be an option, but

the indication for EPP is limited because of high operative

mortality and low postoperative quality of life.

To increase the resectability of locally advanced thy-

moma, we explored induction steroid pulse therapy. A

significant reduction in size (PR) was achieved in 6 of 14

patients who received a preoperative steroid pulse. More

than 10% size reduction, which did not reach PR, was

observed in six patients. The rates of reduction in size

seemed to depend on the WHO classification of the tumor.

It should be noted that the effect of steroid pulse therapy is

transient, and the operation should be planned within

14 days of the last steroid pulse. Steroid pulse therapy can

be performed without serious complications.

Low-dose HTR was used to prolong the relapse-free

interval in some patients. Nevertheless, no benefit was

found in overall survival or relapse-free survival in the

patients given low-dose HTR. The intent of applying low-

dose HTR was to suppress microscopic residual tumors. In

the present study, the combination of macroscopic total

resection and postoperative low-dose HTR prolonged

relapse-free intervals. Furthermore, combined treatments of

preoperative steroid pulse therapy, macroscopic total

resection, and low-dose postoperative HTR prolonged

relapse-free intervals. A prospective trial is needed to

confirm these observations.

Conclusions

Pursuing total resection for thymoma and disseminated

nodules may be beneficial for patients with stage IV thy-

moma. In addition, macroscopically total resection of

pleural disseminated nodules plus the combination of pre-

operative steroid pulse therapy, macroscopic total resec-

tion, and postoperative low-dose HTR may prolong the

relapse-free interval but did not lead to cure.
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