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Background: The therapeutic outcome for unresectable, locally
 
advanced, malignant thymoma 

has been poor.
 
 

Objective: To improve tumor resectability and patient survival
 
rates by studying a multimodal 

approach to therapy for unresectable
 
malignant thymoma.

 
 

Design: Prospective cohort study.
 
 

Setting: Tertiary care cancer center.
 
 

Participants: All eligible patients had newly diagnosed, histologically
 
proven, unresectable 

malignant thymoma.
 
 

Intervention: The treatment regimen consisted of induction
 
chemotherapy (three courses of 

cyclophosphamide, doxorubicin,
 
cisplatin, and prednisone), surgical resection, postoperative

 

radiation therapy, and consolidation chemotherapy (three courses
 
of cyclophosphamide, 

doxorubicin, cisplatin, and prednisone).
 
Tissue samples were taken at the time of surgical 

resection
 
for assessment of tumor necrosis and Ki-67 expression.

 
 

Measurements: Tumor response and resectability (both overall
 
and after induction 

chemotherapy) and disease-free survival
 
rate in patients who received multimodal therapy.

 
 

Results: 13 patients were consecutively enrolled from February
 
1990 to December 1996, and 12 

evaluable patients were assessed
 
for response. Disease responded to induction chemotherapy 

completely
 
in 3 patients (25%) and partially in 8 patients (67%); 1 patient

 
had a minor response 

(8%). Eleven patients had surgical resection;
 
1 refused surgery. Tumors were removed 

completely in 9 (82%)
 
and incompletely in 2 (18%) of 11 patients who had been receiving

 

radiation therapy and consolidation chemotherapy. All 12 patients
 
are alive (100% at 7 years), 

with a median follow-up of 43 months,
 
and 10 patients are disease free (73% disease-free 

survival
 
at 7 years). A high correlation was seen between tumor necrosis

 
after induction 

chemotherapy and Ki-67 expression (r = -0.88).
 
 

Conclusions: Aggressive multimodal treatment is highly effective
 
and may cure locally 

advanced, unresectable malignant thymoma.
 
 



 
Malignant thymoma is a rare mediastinal tumor [1]. The important

 
prognostic factors in this 

condition are disease stage and completeness
 
of surgical resection [2-4]. In the early stages, the 

tumor
 
can be completely resected. However, complete resection of advanced-stage

 
tumors has 

been difficult [4], and surgery in such cases has
 
not substantially changed the biology of the 

tumor because gross
 
residual disease or microinvasion of surrounding structures,

 
including the 

pleura and the pericardium, has led to a high
 
incidence of eventual recurrence.

 
 

Ki-67 has been used as an important indicator of the biological
 
behavior of tumor cells [5,6]. In 

cases of invasive thymoma,
 
expression of Ki-67 has correlated with proliferating activity

 
of tumor 

cells and clinical stage. There is also a general correlation
 
between the labeling index of Ki-67 

and both invasiveness and
 
histologic subtype [6]. We investigated whether such correlations

 
were 

valid in tissue samples obtained from our patients.
 
 

Radiation therapy has been important in the management of patients
 
with advanced thymoma. 

Postoperative irradiation of tumors graded
 
stage II or beyond has been shown to reduce the risk 

for recurrence
 
in patients with invasive thymoma who have had complete resection

 
[7,8]. 

However, in cases of incomplete resection, postoperative
 
irradiation has not substantially 

changed overall survival rates;
 
disease tends to recur both locally and distantly [9,10].

 
 

Chemotherapy has shown significant antitumor activity against
 
unresectable, recurrent, or 

metastatic thymomas [11,12]. Our
 
experience and that of others has indicated that overall major

 

response rates with combination chemotherapy based on cisplatin
 
and doxorubicin were between 

50% and 90% in chemotherapy-naive
 
patients [11-14].

 
 

To improve tumor resectability and to determine the disease-free
 
and overall survival times of 

patients with locally advanced
 
unresectable thymoma, we designed a prospective study of a 

multimodal
 
treatment regimen.

 
 

 

Methods  
  

 

Patients  

Patients with Masaoka stage III or IVA tumors [2] were eligible
 
for this study. The resectability of 

disease was determined
 
by the thoracic surgeons before patients entered the protocol.

 
Patients 

had a performance status of less than 2 on the Zubrod
 
scale, bidimensional measurable disease, 

adequate bone marrow
 
(absolute granulocyte counts > 1500 cells/mm

3
 and platelet

 
counts > 100 

000 cells/mm
3
), adequate hepatic function (serum

 
total bilirubin level < 1.5 mg/dL [25.65 [micro 

sign]mol/L]),
 
and adequate renal function (serum creatinine level < 1.5

 
mg/dL [132.6 [micro 

sign]mol/L]). Left ventricular ejection
 
fraction in all participants was examined by using two-

dimensional
 
echocardiography before treatment. Signed informed consent was

 
obtained, and the 

protocol was approved by the institutional
 
review board at the M.D. Anderson Cancer Center.

 
 

Protocol  

We designed this prospective study for patients with pathologically
 
confirmed malignant 

thymoma. The study schema consisted of three
 
courses of induction chemotherapy, surgical 

resection, radiation
 
therapy, and three courses of consolidation chemotherapy (Figure 1).

  



 

 
 

  

Induction chemotherapy consisted of cyclophosphamide, 500 mg/m
2
,
 
on day 1; continuous 

infusion of doxorubicin, 20 mg/m
2
 per day,

 
on days 1 to 3 (total, 60 mg/m

2
); cisplatin, 30 mg/m

2
 

per day,
 
on days 1 to 3 (total, 90 mg/m

2
); and prednisone (100 mg/d for

 
5 days). This cycle was 

repeated three times at 3- to 4-week
 
intervals. Prophylactic granulocyte colony-stimulating factor

 

was not used.
 
 

After induction chemotherapy, we assessed clinical response
 
by measuring tumor size on 

computed tomography [13]. Within
 
3 to 4 weeks after the last chemotherapy cycle, we used 

computed
 
tomography to assess tumor resectability. Resection was done

 
during this exploration, 

and the pathologic specimen was assessed
 
for the degree of tumor necrosis. Within 3 to 6 weeks 

of surgery,
 
patients who had had complete resection and whose tumors were

 
at least 80% 

necrotic began radiation therapy with a total dose
 
of 50 Gy. Patients were irradiated with a total 

dose of 60 Gy
 
if resection was incomplete or if less than 80% of the tumor

 
was necrotic.

 
 

Consolidation chemotherapy with 80% doses of cyclophosphamide,
 
doxorubicin, and cisplatin 

and a 100% dose of prednisone was
 
repeated every 3 to 4 weeks for three courses.

 
 

Ki-67 Expression  



After induction chemotherapy, 11 patients had surgical resection
 
(1 patient did not have surgery) 

and 16 tissue samples were
 
obtained. All samples underwent immunohistochemical analysis

 
so 

that we could determine whether Ki-67 expression correlated
 
with tumor necrosis after 

chemotherapy. Anti-Ki-67 antibody
 
(clone MIB1) was obtained from Zymed Laboratory, Inc. (San 

Francisco,
 
California), and immunohistochemistry was done by using the

 
standard procedure [6].

 
 

Statistical Analysis  

Overall survival was measured from the date of registration
 
for induction chemotherapy to the 

date of last follow-up or
 
death. Disease-free survival was measured from the date of last

 

treatment to the date of last follow-up or recurrence. We estimated
 
survival curves by using the 

method of Kaplan and Meier [15].
 
We calculated the Pearson correlation coefficient between Ki-

67
 
expression and percentage of tumor necrosis, using the average

 
if a participant had multiple 

observations. All calculations
 
were done by using SAS software (SAS Institute, Inc., Cary,

 
North 

Carolina).
 
 

 
 

Results  
  

 
From February 1990 to December 1996, a total of 13 patients

 
were consecutively enrolled in the 

study. One of these patients
 
was later deemed ineligible because a final pathologic diagnosis

 
of 

thymic carcinoma was made. Patient characteristics are shown
 
in Table 1.

  

 

 

 
 

  



Induction chemotherapy produced three complete responses, eight
 
partial responses, and one 

minor response, for an overall major
 
response rate of 92%. Eleven patients had surgical 

exploration;
 
1 patient refused surgical resection. Tumors were completely

 
resected in all 3 

patients whose disease responded completely
 
and in 6 of the 8 patients whose disease 

responded partially;
 
thus, 9 of 11 patients (82%) were responders. Resection was

 
incomplete in 2 

patients (18%), including 1 of the patients
 
with partial response and the 1 patient with a minor 

response.
 
 

All pathologic specimens obtained during surgery were evaluated
 
for extent of tumor necrosis. 

Two of the three complete responders
 
had 100% tumor necrosis, and one complete responder 

and one
 
partial responder had tumor necrosis greater than 80%. Seven

 
other patients had tumor 

necrosis less than 80%.
 
 

All 12 patients received radiation therapy. The 4 patients (36%)
 
whose tumors had more than 

80% necrosis on complete resection
 
received 50 Gy; the 7 patients who had less than 80% 

necrosis
 
or had incomplete resection received 60 Gy. The patient who

 
refused surgery received 

only 54 Gy of the planned 60 Gy because
 
of insufficient compliance. All 11 patients who 

underwent surgery
 
had consolidation chemotherapy (Figure 1).

 
 

Overall, after completion of the planned therapy, 10 patients
 
remain disease free at a median 

follow-up period of 43 months
 
(disease-free survival rate at 7 years, 73%). Two patients who

 
had 

incomplete tumor resection had locoregional recurrent disease
 
but are still alive (overall survival 

rate at 7 years, 100%).
 
 

The major side effect during induction and consolidation chemotherapy
 
was myelosuppression. 

One patient required a prophylactic platelet
 
transfusion but had no bleeding. Other hematologic 

side effects
 
were modest. The most common nonhematologic side effects were

 
fatigue, nausea 

and vomiting, and decreased appetite. Two patients
 
developed neutropenic fever during induction 

chemotherapy but
 
recovered fully with intravenous antibiotics. One patient developed

 
radiation-

induced mild pneumonitis and esophagitis. No patients
 
developed cardiac toxicity. No surgical 

morbidity or mortality
 
occurred.

 
 

We correlated the degree of tumor necrosis with Ki-67 expression
 
in the samples after induction 

chemotherapy. The samples with
 
tumor necrosis greater than 80% expressed a minimal degree 

of
 
Ki-67 (mean labeling index, 0.02 [range, 0.01 to 0.03]). The

 
overall correlation between tumor 

necrosis and Ki-67 expression
 
was high (Pearson r = -0.88).

 
 

 

Discussion  
  

 
Complete surgical resection is an important prognostic factor

 
for locally advanced malignant 

thymoma [16]. It is critical
 
to convert locally advanced unresectable tumors (stage III and

 
IVA) to 

resectable tumors. Complete resection of these advanced
 
tumors is often unfeasible because the 

tumors invade adjacent
 
mediastinal structures, including major blood vessels and the

 
pericardium.

 
 

Preoperative (neoadjuvant or induction) chemotherapy may enhance
 
tumor resectability. With this 

goal in mind, we administered
 
induction chemotherapy to all patients and achieved a major

 

response rate of 92%. Our results and those of others [17-19]
 
suggest that malignant thymoma is 

highly responsive to chemotherapy.
 
More important, disease in all of our patients became 

resectable
 
with this preoperative chemotherapy.

 
 



Another striking finding was the degree of tumor necrosis in
 
tissue specimens. Almost half of the 

patients whose tumors were
 
completely resected had tumor necrosis greater than 80% in 

resected
 
specimens. All patients received postoperative radiation therapy.

 
Komaki and Cox [7] 

summarized data from the literature showing
 
that recurrence (local or distant) was found in 25% 

of patients
 
who received postoperative radiation therapy and 57% of patients

 
who did not receive 

this therapy. These data clearly show that
 
postoperative radiation therapy for tumors graded 

stage II or
 
higher further reduces risk for recurrence in patients who have

 
had even complete 

resection. The total dose of radiation therapy
 
in the postoperative setting has not been well 

established in
 
thymoma; we used doses similar to those that palliate microscopic

 
residual disease 

(50 Gy) and those that palliate gross residual
 
disease (60 Gy) in patients with lung carcinoma.

 
 

Rea and colleagues [19] treated 16 patients with invasive thymoma
 
(stage III or IV) with three to 

four courses of induction chemotherapy
 
followed by surgery. The patients who had viable tumors 

at surgery
 
then received radiation therapy only. Patients whose tumors

 
were not viable at surgery 

received three more courses of chemotherapy
 
without radiation therapy. Of 11 patients who had 

complete resection
 
at surgery and received radiation therapy alone, 3 (27%) died

 
of recurrent 

disease. Of the 5 patients whose tumors were partially
 
resected, 3 (60%) died after surgery. Such 

data clearly indicate
 
that postoperative radiation therapy alone or chemotherapy alone

 
may not 

optimally control residual disease.
 
 

An intergroup trial [20] recently reported on patients with
 
unresectable thymomas who received 

induction chemotherapy followed
 
by radiation therapy alone without surgical resection. The 5-year

 

survival rate in this study was 52.5%. The data also indicated
 
that surgery (particularly complete 

resection) is an important
 
part of a multimodal approach to therapy. Therefore, the strategy

 
used 

in our trial, which included surgery followed by both postoperative
 
radiation therapy and 

consolidation chemotherapy, seems to be
 
critical to better control of residual disease. However, 

the
 
optimal number of courses of chemotherapy and combination of

 
systemic agents have yet to 

be determined. Other limiting factors
 
of our study are the small number of patients, the lack of 

controls,
 
and the nonrandomized design. Nevertheless, the overall survival

 
and disease-free 

survival rates seen with this multidisciplinary
 
approach to malignant thymoma are excellent and 

seem to be better
 
than those in any other reported studies [17-20]. Incorporation

 
of a biomarker, 

such as Ki-67, into clinical trials may promote
 
better understanding of the biological behavior of 

tumor cells
 
and better therapeutic outcomes.

 
 

In conclusion, we believe that a multimodal approach to therapy
 
may prolong lives and may cure 

locally advanced unresectable
 
malignant thymomas. Patient accrual in this study continues.

 
 

From The University of Texas M.D. Anderson Cancer Center, Houston,
 
Texas.

 
 

Acknowledgments: The authors thank the study patients and their
 
guardians for their 

participation, Amy K. Shellshear for manuscript
 
preparation, and Julia M. Starr for editorial review 

and comments.
 
 

Requests for Reprints: Dong M. Shin, MD, The University of Texas
 
M.D. Anderson Cancer 

Center, 1515 Holcombe Boulevard, Houston,
 
TX 77030.

 
 

Current Author Addresses: Drs. D. Shin, Walsh, Komaki, Putnam,
 
Ro, H. Shin, Ki, Pisters, Cox, 

Roth, and Hong and Ms. Wimberly:
 
The University of Texas M.D. Anderson Cancer Center, 1515 

Holcombe
 
Boulevard, Houston, TX 77030.

 
 

Dr. Nesbitt: Cardiovascular Surgery Associates, St. Thomas Medical
 
Building, 4230 Harding 

Road, Suite 501, Nashville, TN 37205.
 
 



Dr. Schrump: The National Cancer Institute, Surgery Branch,
 
National Cancer Institute, National 

Institutes of Health, Building
 
10, Room 2B07, Bethesda, MD 20892.

 
 

Dr. Gregurich: Applied Logic Associates, Inc., 5615 Kirby Drive,
 
Houston, TX 77005.

 
 

 
 

References  
  

 
 

1. Thomas CR Jr, Bonomi P. Mediastinal tumors. Curr Opin Oncol. 1990;2:359-67.[Medline]  

2. Masaoka A, Monden Y, Nakahara K, Tanioka T. Follow-up study of thymoma with special 
reference to their clinical stages. Cancer. 1981;48:2485-92.[Medline]  

3. Verley JM, Hollmann KH. Thymoma. A comparative study of clinical stages, histologic features, 
and survival in 200 cases. Cancer. 1985;55:1074-86.[Medline]  

4. Maggi G, Giaccone G, Donadio M, Ciuffreda L, Dalesio O, Leria G, et al. Thymomas. A review 
of 169 cases, with particular reference to results of surgical treatment. Cancer. 1986;58:765-
76.[Medline]  

5. Celis JE, Celis A. Cell cycle-dependent variations in the distribution of the nuclear protein 
cyclin proliferating cell nuclear antigen in cultured cells: subdivision of S phase. Proc Natl Acad 
Sci U S A. 1985;82:3262-6.[Medline]  

6. Yang WI, Efird JT, Quintanilla-Martinez L, Choi N, Harris NL. Cell kinetic study of thymic 
epithelial tumors using PCNA (PC10) and Ki-67 (MIB-1) antibodies. Hum Pathol. 1996;27:70-
6.[Medline]  

7. Komaki R, Cox JD. The lung and thymus. In: Cox JD. Moss' Radiation Oncology: Rationale, 
Technique, Results. 7th ed. St. Louis: Mosby-Year Book; 1994:320-51.  

8. Uematsu M, Yoshida H, Kondo M, Itami J, Hatano K, Isobe K, et al. Entire hemithorax 
irradiation following complete resection in patients with stage II-III invasive thymoma. Int J Radiat 
Oncol Biol Phys. 1996;35:357-60.[Medline]  

9. Blumberg D, Port JL, Weksler B, Delgado R, Rosai J, Bains MS, et al. Thymoma: a multivariate 
analysis of factors predicting survival. Ann Thorac Surg. 1995;60:908-13.[Abstract/Free Full Text]  

10. McCart JA, Gaspar L, Inculet R, Casson AG. Predictors of survival following surgical 
resection of thymoma. J Surg Oncol. 1993;54:233-8.[Medline]  

11. Loehrer PJ Sr, Perez CA, Roth LM, Greco A, Livingston RB, Einhorn LH. Chemotherapy for 
advanced thymoma. Preliminary results of an intergroup study. Ann Intern Med. 1990;113:520-
4.[Medline]  



12. Loehrer PJ Sr, Kim K, Aisner SC, Livingston R, Einhorn LH, Johnson D, et al. Cisplatin plus 
doxorubicin plus cyclophosphamide in metastatic or recurrent thymoma: final results of an 
intergroup trial. The Eastern Cooperative Oncology Group, Southwest Oncology Group, and 
Southeastern Cancer Study Group. J Clin Oncol. 1994;12:1164-8.[Abstract]  

13. Park HS, Shin DM, Lee JS, Komaki R, Pollack A, Putnam JB, et al. Thymoma. A retrospective 
study of 87 cases. Cancer. 1994;73:2491-8.[Medline]  

14. Giaccone G, Ardizzoni A, Kirkpatrick A, Clerico M, Sahmoud T, van Zandwijk A. Cisplatin and 
etoposide combination chemotherapy for locally advanced or metastatic thymoma. A phase II 
study of the European Organization for Research and Treatment of Cancer Lung Cancer 
Cooperative Group. J Clin Oncol. 1996;14:814-20.[Abstract]  

15. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. Journal of the 
American Statistical Association. 1958;53:457-81.  

16. Cowen D, Richaud P, Mornex F, Bachelot T, Jung GM, Mirabel X, et al. Thymoma: results of 
a multicentric retrospective series of 149 non-metastatic irradiated patients and review of the 
literature. FNCLCC trialists. Federation Nationale des Centres de Lutte Contre le Cancer. 
Radiother Oncol. 1995;34:9-16.[Medline]  

17. Berruti A, Borasio P, Roncari A, Gorzegno G, Mossetti C, Dogliotti L. Neoadjuvant 
chemotherapy with adriamycin, cisplatin, vincristine and cyclophosphamide (ADOC) in invasive 
thymomas: results in six patients. Ann Oncol. 1993;4:429-31.[Abstract]  

18. Macchiarini P, Chella A, Ducci F, Rossi B, Testi C, Bevilacqua G, et al. Neoadjuvant 
chemotherapy, surgery, and postoperative radiation therapy for invasive thymoma. Cancer. 
1991;68:706-13.[Medline]  

19. Rea F, Sartori F, Loy M, Calabro F, Fornasiero A, Daniele O, et al. Chemotherapy and 
operation for invasive thymoma. J Thorac Cardiovasc Surg. 1993;106:543-9.[Abstract]  

20. Loehrer PJ Sr, Chen M, Kim K, Aisner SC, Einhorn LH, Livingston R, et al. Cisplatin, 
doxorubicin, and cyclophosphamide plus thoracic radiation therapy for limited-stage unresectable 
thymoma: an intergroup trial. J Clin Oncol. 1997;15:3093-9.[Abstract]  
 


