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Opinion statement

Although thymic epithelial tumors are rare, they are relatively common among neoplasms of the
anterior superior mediastinum. They usually exhibit indolent behavior, but do have the capacity to
invade surrounding structures and metastasize to distant sites. Thymic carcinomas are rare, but are
highly aggressive tumors that are associated with a poor prognosis. The mainstay of therapy is
complete surgical resection. Locally advanced thymoma and thymic carcinoma require a
multimodality treatment approach with a combination of surgery, chemotherapy, and radiation
therapy to decrease the chances of recurrence and improve survival. The risk of disease recurrence
lasts for a number of years after completion of primary therapy. A majority of cases of recurrent
disease present as pleural recurrences. Once again, surgical resection of recurrent disease
represents the cornerstone of successful therapy and is critical to long-term survival. In recent
years, a better understanding of the biologic basis of thymic epithelial tumors has led to the
emergence of targeted therapy directed against this malignancy.

Introduction

Thymic tumors are amongst the most common mediastinal neoplasms. They comprise about
20% of all the mediastinal tumors and up to half of all tumors in the anterior mediastinum in
adults. However, invasive thymomas and thymic carcinomas are rare tumors and account for
0.2% to 1.5% of all the malignancies [1]. Most thymomas are clinically indolent tumors.
However, thymic carcinomas are invasive tumors, but account for only about 0.06% of all
thymic neoplasms [2¢]. The degree of encapsulation of these thymic tumors and the extent of
invasion of surrounding tissue correlate with prognosis [3].

Surgery forms the cornerstone of therapy for early stage disease. For advanced stage or
unresectable disease, multimodality therapy is required. Thymomas are sensitive to radiation
therapy and chemotherapy.

The aim of this article is to review recent literature that describes the management of thymic
epithelial malignancies, with particular emphasis on the treatment of advanced thymoma,
thymic carcinoma, and recurrent disease.

"Address giacconeg@mail.nih.gov.
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The most widely used system for staging thymoma was developed by Masaoka
in 1981. It was subsequently revised in 1994. The Masaoka system stages the
disease based on the degree of tumor encapsulation and the invasion of
surrounding structures (Table 1) [4, 5].

The World Health Organization (WHO) introduced a system of classifying
thymomas in 1999 that was based on the histological appearance of the tumor

[6°].

A detailed discussion of the histologic classification of thymic malignancies is
presented in an article by Suster and Moran [7].

Most patients with thymoma are diagnosed between the 5th and 7th decade of
life. About two-thirds of patients are asymptomatic at the time of diagnosis. The
remaining one-third of patients may develop symptoms, either due to the
presence of the underlying mediastinal mass or due to associated immune system
disorders. Common symptoms might include chest pain, cough, dyspnea, phrenic
nerve paralysis, or the constellation of symptoms associated with the superior
vena cava (SVC) syndrome.

A variety of autoimmune disorders are associated with thymoma. The most
common disorder is myasthenia gravis that is seen in 30% to 65% of cases [8, 9].
A number of other neurologic and non-neurologic paraneoplastic syndromes
have been described in patients with thymoma [3, 9—-11¢]. Paraneoplastic
diseases associated with thymic malignancies can be potentially put into
remission with systemic chemotherapy if the primary tumor responds to
chemotherapy, although the data supporting this is scant.

Treatment of early stage thymoma

Surgical resection is the mainstay of treatment for patients presenting with
Masaoka Stage | or 11 disease. Resection of the entire tumor is accompanied by
complete thymectomy and removal of all surrounding mediastinal fat.
Surrounding pleura should also be removed if possible to increase the chances of
achieving negative surgical margins. If the tumor abuts the pericardium or an
intraoperative frozen section demonstrates invasion of the pericardium, then en
bloc resection of the pericardium is recommended. If the patient is thought to be
at risk for pleural invasion, the entire pleural space should be explored to exclude
the presence of droplet metastases [12¢¢].

Patients who undergo a complete resection of a stage | tumors have a 5-year
survival of 100% and a recurrence rate of 1% [13e¢]. These patients are not
considered candidates for adjuvant radiation therapy. For patients with stage 11
disease, the 5-year survival rate is 98% and the recurrence rate is about 4%
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[13e]. Most of these patients might not benefit from postoperative radiation
therapy. However patients who are found to have close surgical margins
pathologically or intraoperatively, with adjacent organs being within 1 mm of the
tumor, can be considered for adjuvant mediastinal radiation to decrease the
chances of local recurrence [12¢¢]. In this context, the WHO subgroup becomes
important since a type B tumor might be associated with a higher incidence of
local recurrence than a type A tumor [12ee].

Treatment of locally advanced thymoma

When preoperative evaluation establishes the presence of stage 111 disease or if
patients present with a large tumor mass that is likely to be adherent to adjacent
organs, it is not unreasonable to consider induction therapy to increase
resectability. Neoadjuvant chemotherapy is associated with objective response
rates of 50% to 80% when cisplatin-based combination chemotherapy is utilized
[14]. Various chemotherapy combinations that have been utilized include
cisplatin, doxorubicin and cyclophosphamide (PAC), cisplatin, doxorubicin,
vincristine and cyclophosphamide (ADOC), cisplatin, epirubicin and etoposide,
and cisplatin, ifosfamide and etoposide (VIP). Response to preoperative
chemotherapy may be used to assess potential effects of these drugs in the
adjuvant setting.

If the tumor remains unresectable after neoadjuvant chemotherapy, preoperative
radiation therapy can be offered to attempt to further downstage the tumor. Some
centers have used concurrent chemoradiotherapy in the neoadjuvant setting to
achieve maximal downstaging prior to surgery [15]. However, concomitant
chemoradiation is more toxic than chemotherapy alone and may induce
significant scarring that renders surgery more challenging.

Adjuvant radiation therapy

There is conflicting data on the benefit of postoperative radiation therapy in
decreasing the rates of local recurrence after surgical resection of thymoma. It is
generally accepted that patients with stage | tumors do not require postoperative
radiation therapy after complete resection of the tumor since the recurrence rate
is very low. Patients with stage Il disease with gross adhesions to the pleura or
microscopic pleural invasion are at higher risk for disease recurrence. In a study
by Haniuda et a/., patients with adhesions to the pleura had recurrence rates of
36.4% after surgery vs 0% in patients without adhesions [16]. In the same study
the authors reported a relapse rate of 23% and 30% with postoperative radiation
therapy and 25% and 25% without postoperative radiation therapy in completely
resected stage Il and 111 thymoma, respectively. In another large series of 1320
patients with thymic epithelial tumors, postoperative radiation therapy failed to
demonstrate any significant benefit in reducing recurrence rates in completely
resected stage Il and 111 thymoma (4.7% and 23% with radiation therapy vs 4.1%
and 26% without radiation therapy) [13]. Therefore, postoperative radiation
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therapy may not play a significant role in decreasing recurrence rates in
completely resected stage Il and 111 thymoma. However, postoperative radiation
therapy can be considered in patients with incompletely resected stage 11 or 111
disease.

Treatment of advanced stage thymoma (Stages Ill and 1V)

Multiagent chemotherapy inclusive of cisplatin plays an important role in
treatment of advanced stage disease. A study conducted by the Southeastern
Cancer Study Group was designed to evaluate the combination of cisplatin,
doxorubicin, and cyclophosphamide (PAC) in patients with unresectable or
advanced stage disease who received up to 6 cycles of PAC. The overall response
rate (ORR) was 50% and median survival was 38 months [17e¢]. The
combination of doxorubicin, cisplatin, vincristine, and cyclophosphamide
(ADOC) administered every 4 weeks, yielded an overall response rate of 92%
and median survival of 15 months after a median of 5 cycles of therapy [18¢].
The combination of cisplatin and etoposide was tried in 16 patients with
recurrent or metastatic thymoma and was associated with an overall response rate
of 56% and median survival of 4.3 years [19¢]. Chemotherapy with ifosfamide,
etoposide, and cisplatin (VIP) in 28 patients with advanced thymoma or thymic
carcinoma yielded a partial response rate of 32% and an overall survival of 32
months [20]. This study for the first time included a significant number of thymic
carcinomas.

The combination of cisplatin, doxorubicin, and methylprednisolone (CAMP) has
been used as part of multimodality therapy in patients with advanced invasive
thymoma. In this trial, 14 out of 17 patients received CAMP induction
chemotherapy and an overall response rate of 93% was noted. The 5-year overall
survival rate for all the 17 patients in this trial was 81% [21¢].

Lemma et al. recently reported results of a phase Il study of carboplatin with
paclitaxel in the cases of advanced thymoma and thymic carcinoma [22]. Patients
with unresectable thymomas or thymic carcinoma who had not received prior
systemic chemotherapy were eligible. Treatment consisted of carboplatin AUC5
plus paclitaxel 225 mg/m? administered every 3 weeks up to a maximum of 6
cycles of therapy. Three CRs and five PRs (ORR 33%) and 15 stable disease
(SD) were observed in 24 patients with thymoma and no CR, five PRs (ORR
24%) and seven SDs were observed in 21 patients with thymic carcinoma. A
progression-free survival (PFS) of 19.8 months and 6.2 months was reported by
the authors for thymoma and thymic carcinoma, respectively. Median survival
had not been reached in patients with thymoma at the time the study was
reported. In patients with thymic carcinoma the median survival was 15 months.
The authors concluded that the combination of carboplatin and paclitaxel showed
modest clinical benefit in patients with thymic malignancies.

Table 2 summarizes some of the chemotherapy combinations used in the
treatment of invasive thymomas. These results illustrate the role of platinum
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compounds in the treatment of advanced thymic malignancies. It should be noted
that although case reports and retrospective analyses have reported response rates
of up to 43% with single agent cisplatin [23], a prospective phase Il study of
cisplatin reported a low response rate of 10% in 18 patients treated [24e].
However, multiple studies have shown that cisplatin-based combination
chemotherapy is associated with response rates of 50% to 100% as illustrated in
Table 2. Most of the platinum-based combinations also contain doxorubicin
(PAC, ADOC, CAMP). Hence a chemotherapy regimen such as PAC or ADOC
can be administered as a component of multimodality therapy for advanced
thymic malignancies.

The role of biologic agents

Recent studies have focused on the role of Epidermal Growth Factor Receptor
(EGFR) and c-KIT expression in thymic tumors [25-27]. It has been shown that
thymomas generally express EGFR but lack c-KIT expression whereas the
converse is true for thymic carcinomas. Based on these data, a few case reports
have documented clinical responses to treatment with biologic agents like
cetuximab [28, 29]. In 2005, Kurup et a/. had reported results of a phase 11 study
with gefitinib in patients with advanced thymic malignancies [30]. In this study,
26 previously treated patients were enrolled and treated with gefitinib 250 mg
orally once a day. Each cycle lasted 28 days and based on response, patients were
treated up to a maximum of 8 cycles of therapy. EGFR mutation analysis was
performed on five tumor blocks. No CR, 1 PR, and 14 SD were noted. None of
the tumor blocks subjected to genomic analyses demonstrated presence of EGFR
or KRAS mutations. The authors concluded that gefitinib showed minimal
activity in this cohort of patients. Another phase 11 study reported earlier this
year by Bedano and colleagues evaluated the combination of erlotinib and
bevacizumab in patients with recurrent thymoma and thymic carcinoma [31].
According to this study, 18 previously treated patients received erlotinib 150 mg
orally once a day and bevacizumab 15 mg/kg intravenously once, with the cycle
repeated every 3 weeks. No CRs or PRs and 11 (60%) were noted; 7 (40%)
patients progressed (PD). The median survival time had not been reached when
the results were reported. The combination of erlotinib and bevacizumab
demonstrated limited activity in patients with thymic malignancies.

A case report published in 2004 documented response of a thymic carcinoma
with c-KIT overexpression and an activating mutation of the KIT gene, to
imatinib [32¢]. Based on the knowledge that c-KIT is highly expressed in thymic
carcinomas (80%), a phase 1l study was conducted to evaluate the role of
imatinib in patients with WHO B3 and C thymomas [33]. Seven patients were
enrolled with a median age of 67 years. Two patients had WHO B3 and five
patients had WHO C thymoma. Three patients had not received prior
chemotherapy. Imatinib was administered at a dose of 600 mg per day orally. The
dose was escalated to 800 mg per day for PD or if no major response was
achieved after 2 months of therapy. No objective responses were noted. Two
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patients showed stable disease and five patients progressed. Median time to
progression was 2 months and median survival was 4 months. Five tumor
samples were subjected to genomic analyses. No activating mutations of c-KIT
were detected, and this probably explained the disappointing results associated
with imatinib therapy. Salter et a/. reported a series of 11 patients with previously
treated thymic carcinoma expressing c-KIT (9 cases) and PDGFR (2 cases)
detected by immunohistochemistry [34]. These patients were treated with
imatinib 600 mg by mouth once daily. No objective responses were noted
although three patients achieved disease stabilization.

These studies appear to demonstrate the lack of significant activity of imatinib in
patients with thymic carcinoma. A case of a dasatinib-responsive thymoma has
also been documented in the literature. In this case, the patient who was initially
diagnosed and treated for chronic myelogenous leukemia, was found to have a
WHO B2, Masaoka Stage | thymic tumor that was EGFR positive and ¢-KIT
negative. After 2 months of therapy with dasatinib at a dose of 140 mg/day, the
thymic tumor showed partial resolution [35].

Thymic carcinomas differ from thymomas in that they follow an aggressive
clinical course and are associated with a poorer prognosis. These tumors show a
variety of histologic patterns based on which they have been classified as low-
grade or high-grade tumors. Low-grade thymic carcinomas include squamous
cell carcinoma, muco-epidermoid carcinoma, and basaloid carcinoma. High-
grade varieties include lymphoepithelioma-like carcinoma, small cell carcinoma,
sarcomatoid tumors, clear cell carcinomas, and undifferentiated tumors [36e¢].
Thymic carcinomas are rarely associated with paraneoplastic syndromes.
Metastatic disease may be seen at the time of presentation, and the sites of
involvement include the bones, lung, liver, pleura, and lymph nodes. At the
molecular level thymic carcinomas frequently show expression of c-KIT but are
less likely to be EGFR positive in contrast to thymomas where the converse is
true. p53 expression and chromosomal imbalances are seen more often in thymic
carcinomas as opposed to thymomas, and correlate with the WHO class and
stage of the disease [37--39].

In 1993, Weide et a/. reported the results of a small series of five patients with
thymic carcinoma treated with cisplatin-based combination chemotherapy. The
chemotherapy regimen used included cisplatin, etoposide and belomycin (BEP),
cisplatin, vinblastine and ifosfamide, cisplatin/carboplatin and ifosfamide,
cisplatin, vinblastine and bleomycin, and cisplatin, doxorubicin and
cyclophosphamide (PAC). Three out of five patients responded with two
complete responses to cisplatin-based combination chemotherapy [40¢].

Multimodality therapy is often the preferred approach for treatment of thymic
carcinomas, which frequently are not radically resectable at diagnosis (Table 3).
Complete resection of the tumor is a very important prognostic factor for survival
[41]. Use of neoadjuvant chemotherapy with or without radiation therapy
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improves the rates of complete surgical resection [2¢]. Table 3 summarizes case
series that highlight the role of combined modality therapy in the management of
thymic carcinoma.

Treatment of recurrent disease

The recurrence rate of thymoma after complete surgical resection ranges from
10% to 30%. The most common site of recurrence is the pleural cavity followed
by the mediastinum. An early recurrence is considered a negative prognostic
factor [45]. Surgery may be considered in patients who are radically resectable,
although data in the literature also supports a potential role for debulking surgery.
Various forms of chemotherapy and biologic therapy have been used to treat
recurrent disease (Table 4). An ECOG phase Il trial was conducted to evaluate
the role of octreotide in patients with octreotide-scan positive thymic
malignancies. Patients with pretreatment octreotide-scan positive unresectable or
advanced thymoma, and thymic carcinoma were selected. Out of 38 assessable
patients, 32 had thymoma and six patients had thymic carcinoma or carcinoid; 35
patients (92%) had undergone surgery, 32 (84%) had received prior radiation
therapy, and 31 (82%) had been exposed to prior chemotherapy. Out of 38
patients, 34 had Masaoka stage IV disease. In the assessable patients, two
complete (CRs) and 10 partial responses (PRs) were noted yielding complete and
partial response rates of 5.3% and 25%, respectively. The 2-year survival rate
was 76%. However, none of the six patients with thymic carcinoma or carcinoid
had an objective response to therapy. Among those patients who received a
combination of octreotide and prednisone, the overall response rate was noted to
be slightly higher at 31.6%, but with increased toxicity [46].

Results of a phase 1l study evaluating the role of pemetrexed in patients with
recurrent thymoma and thymic carcinoma were reported in 2006 [47¢]. In this
trial, 16 patients with recurrent thymoma and 11 patients with thymic carcinoma
participated. The median number of prior therapies was 2, and 21 patients had
received prior radiation therapy. In 23 evaluable patients, two complete responses
and two partial responses were noted. All four responding patients had stage VA
thymoma. The median time to progression for patients with recurrent thymoma
was 45.4 weeks, and in patients with thymic carcinoma it was 5.1 weeks. This
study demonstrated the activity of pemetrexed in patients with recurrent
thymoma.

Response of thymic malignancies to paclitaxel and docetaxel has also been
reported in the literature [48, 49].

The pleural cavity is a common site of recurrence of thymic malignancies, and
attempts have been made toward extensive surgery (extrapleural
pneumonectomy). A recent review by Lucchi et al. focused on surgical treatment
of pleural recurrences of thymoma [50¢]. In case of large pleural recurrences, the
authors recommend multimodality treatment with the use of corticosteroids prior
to surgery. For those patients who have a residual mass after surgery, low-dose
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entire hemithorax radiation therapy (EHRT) and intraoperative hyperthermic
intrathoracic perfusion chemotherapy (HITHOC) has been attempted [51, 52].

Similar to other tumor types re-resection can be considered if the time to relapse
is long.

Patients with stage | thymoma should be treated with surgical excision of the
tumor. Some patients with stage Il disease derive benefit with the addition of
postoperative radiation therapy. However, for advanced stage thymoma (stages
111 and 1V) and thymic carcinoma, multimodality therapy plays a key role in
successful management of disease. Neoadjuvant chemotherapy is delivered to
make unresectable tumors resectable, and to increase the chances of performing
complete surgical excision of the tumor. Various chemotherapeutic regimens
have been developed, and most of them include cisplatin and doxorubicin.
Recent attempts to incorporate the use of biologic agents have not proven
successful so far. EGFR inhibition with gefitinib and c-KIT inhibition with
imatinib has been attempted, but these drugs appear to lack substantial activity
against advanced thymic malignancies.

In conclusion it is recommended that patients with these rare tumors be enrolled
on prospective studies to develop more efficacious therapies against thymic
malignancies.
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