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    Abstract

Thymic epithelial tumours represent a wide range of anatomical, clinical, histological and molecular malignant entities that may be aggressive and difficult to treat. The histopathological classification distinguishes thymomas from thymic carcinomas. Thymomas may be associated with autoimmune disorders.

The management of thymic epithelial tumours is a paradigm of co-operation between clinicians, surgeons and pathologists, from establishing the diagnosis to organising the multimodal therapeutic strategy. Surgery is the mainstay of the curative-intent treatment, as complete resection represents the most significantly favourable prognostic factor on overall survival. In case of invasion of intra-thoracic structures and/or dissemination to the pleura and the pericardium, precluding complete resection to be achieved, primary chemotherapy has been used to reduce the tumour burden, possibly allowing subsequent surgery and/or radiotherapy.

Novel strategies are needed, especially for refractory, recurrent tumours and thymic carcinomas, which carry a poor prognosis. Personalised approaches are currently being developed, as potentially “druggable” molecular targets are emerging from recent integrated genomic analyses. Along with the large variety of questions relative to the treatment strategy, thymic epithelial tumours represent a model of therapeutic implementation and achievement in orphan thoracic oncology, showing how the advent of new results induces new questions, as well as diversifies further clinical research directions and international collaborative initiatives.


	Chemotherapy
	myasthenia gravis
	radiotherapy
	surgery
	thymic carcinoma
	thymoma

Thymic epithelial tumours represent a wide range of anatomical, clinical, histological and molecular entities that may be aggressive and difficult to treat [1–4]. The World Health Organization (WHO) histopathological classification distinguishes thymomas from thymic carcinomas. Thymomas are further subdivided into different types (A, AB, B1, B2 and B3) based on the morphology of epithelial tumour cells (with an increasing degree of atypia from type A to B3), the relative proportion of the non-tumoural lymphocytic component (decreasing from type B1 to B3) and resemblance to normal thymic architecture (table 1) [3]. Thymic carcinomas are similar to their extra-thymic counterpart, with the most frequent subtype being squamous cell carcinoma. Neuroendocrine tumours will not be discussed in this review. Tumour invasiveness, as evaluated by the Masaoka staging system, is a major predictor of outcome [5, 6]. The WHO classification is correlated with stage at diagnosis, as 80–90% of type A to B1 thymomas are stage I–II tumours, whereas 50–60% of type B2 and 60–80% of type B3 thymomas and carcinomas present with stage III–IV extent, a unique feature which may explain its reported prognostic value [6–9]. Given a higher propensity toward nodal and systemic invasiveness, tumour, node, metastases (TNM)-based staging may be more appropriate for thymic carcinomas [3, 4, 10].
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Table 1. 
The World Health Organization histopathological classification of thymic epithelial tumours



The physiological role of the thymus gland is to induce central tolerance to self-antigens, through the control of the differentiation and the subsequent positive and negative selection of immature T-lymphocytes [11]. In particular, the medullary thymic epithelial cells have the unique capability to express tissue-related antigens in the context of the major histocompatibility complex; self-reactive thymocytes are signalled to die via programmed cell death, and thereby deleted from the immune repertoire. The ectopic expression of self-antigens is regulated by the transcription factor AIRE (autoimmune regulator) [12]. AIRE is under-expressed in thymomas, leading to a lack of negative selection towards key peripheral proteins and, consequently, to the development of autoimmune disorders, the most frequent being myasthenia gravis, hypogammaglobulinaemia and pure red cell aplasia [13]. Myasthenia gravis is caused by circulating antibodies that block acetylcholine receptors at the post-synaptic neuromuscular junction, and is found in 30% of patients with thymoma, when 15% of patients presenting with myasthenia do have thymoma [14]. Systematic immunological check-up is recommended when a diagnosis of thymoma is suspected, including complete blood count including reticulocytes and serum protein electrophoresis, as well as anti-acetylcholine receptor and antinuclear antibodies tests. Autoimmune so called “para-thymic” disorders have been reported to significantly affect the overall survival of patients, especially in early-stage tumours [15]. It is estimated that about 25% of patients with thymic epithelial tumour actually die from autoimmune disease-related complications; of note, another 25% die from thymoma-unrelated causes. Overall survival may then be a debatable end-point for prognostic studies and time-to-progression may be preferred [15]. Treatment of parathymic syndromes has to be conducted in parallel with the oncologic management; in particular, control of myasthenia gravis-related symptoms must be obtained before surgery. Contrary to cytokine-related paraneoplastic syndromes, the treatment of the thymic tumour does not systematically improve autoimmune manifestation; the appearance or recurrence of autoimmune disease does not predict recurrence of the thymic tumour [14].
The management of thymic epithelial tumours is a paradigm of co-operation between clinicians, surgeons and pathologists, from establishing the diagnosis to organising the therapeutic strategy and evaluating the prognosis. Surgery is the mainstay of the curative-intent treatment of thymic tumours [16–20], as complete resection represents the most significant favourable prognostic factor, both on disease-free and overall survival [6, 7, 21]. However, nearly 30% of patients present with locally advanced tumour at the time of diagnosis, with invasion of intra-thoracic neighbouring structures, and/or dissemination to the pleura and the pericardium, precluding upfront surgery to be performed in a carcinologic setting. In such cases, chemotherapy has been used both to reduce the tumour burden, possibly allowing subsequent surgery and/or radiotherapy, and to achieve prolonged disease control [17–20]. For invasive tumours (Masaoka stage II and beyond), the need for post-operative radiotherapy is highly debated. Chemotherapy is also a palliative-intent treatment of unresectable, metastatic and recurrent tumours, which are rare in thymoma but more frequent in thymic carcinomas [22, 23].
As a consequence of their rarity, our knowledge about the management of patients with thymic epithelial tumours has mainly been based upon retrospective series, uncontrolled non-randomised trials or expert opinion. Recently, the International Thymic Malignancy Interest Group (ITMIG) published consensual guidelines and definitions, so that consistent approaches may be adopted worldwide, especially in the setting of clinical research, to clarify areas of uncertainty [24]. Refinement of the Masaoka staging system represents a major achievement in this setting (table 2) [24]. The definition of major and minor criteria for the WHO-based histopathological diagnosis of thymic epithelial tumours represent another major challenge, currently being addressed by ITMIG, as inter-observer reproducibility for the classification of thymomas has been reported to be as low as 40–60%, given the frequent heterogenity of large tumours and the occurrence of combined tumours in approximately 15–20% of cases [25].
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Table 2. 
The Masaoka–Koga International Thymic Malignancy Interest Group staging system



Novel strategies are needed, especially for refractory, recurrent tumours and thymic carcinomas, which carry a poor prognosis despite multimodal treatment. Over recent years, significant efforts have been conducted to dissect the molecular pathways involved in thymic epithelial cells carcinogenesis [26]. Potentially druggable targets are emerging, laying the foundations to implement personalised medicine for patients.

OVERVIEW OF TREATMENT STRATEGY

The treatment strategy for thymic epithelial tumour is primarily based on whether the tumour may be resected upfront or not, as complete resection represents the most significant and consistent prognostic factor on disease-free and overall survival [6, 9, 16, 21]. As no clinical staging system has been developed so far, the evaluation of resectability is mainly based on the surgeon’s expertise. Pre-operative computed tomography (CT) findings associated with tumour invasiveness were identified in a series of 99 patients from the MD Anderson Cancer Center (Houston, TX, USA) [27]; the most significant variables associated with stage III/IV disease, less likely to be resectable upfront at diagnosis, were a tumour size >7 cm (OR 3.18, 95% CI 1.16–8.67; p=0.02), lobulated contour (OR 8.20, 95% CI 1.63–41.35; p=0.010) and infiltration of surrounding fat (OR 3.76, 95% CI 1.45–9.78; p=0.007). In an ongoing trial evaluating several modalities for pre-operative treatment, inclusion criteria predicting unresectability include a tumour size >8 cm, or a size ranging from 5 to 8 cm with one or more of the following criteria: multifocal calcification, heterogeneous appearance, irregular or scalloped borders, great vessel invasion or encirclement. For tumours <5 cm in greatest diameter, obvious great vessel invasion/encirclement has to be present on the CT scan (Clinicaltrial.gov NCT00387868). The value of a positron emission tomography (PET) scan to predict histology, hyperplasia versus tumour, thymoma versus thymic carcinoma or thymoma subtype, or invasiveness has been debated [28, 29]. PET may be of interest for subsequent follow-up of patients, to detect recurrences after first-line treatment [29]. After surgery, post-operative radiotherapy may be delivered.

If complete resection is deemed to be achievable upfront, surgery represents the first step of the treatment; if not, primary chemotherapy is administered as part of the curative-intent sequential strategy integrating subsequent surgery or radiotherapy [2, 17, 23]. In this later situation, histopathological diagnosis has to be obtained through small biopsy. In general, tumours located in the anterior mediastinum are approached using percutaneous core needle biopsy, mediastinotomy or mini-thoracotomy [30]. Fine-needle aspiration may not be recommended, as cytological specimens of thymic tumours may be hard to interpret. Pleural spaces should not be punctured to avoid tumour cell seeding. Most frequent differential diagnoses include thymic hyperplasia, as well as lung cancer and other primary mediastinal malignancies, such as lymphoma or germ-cell tumours. An extensive review of these entities is out of the scope of this review.

Chemotherapy may also be delivered as palliative-intent treatment in advanced, non-resectable, non-irradiable or metastatic thymic tumour to improve tumour-related symptoms.



SURGERY PRINCIPLES

As a standard, the surgical management of thymic epithelial tumours requires the wide opening of the mediastinum and both pleural cavities, which is classically achieved by median sternotomy [2, 31, 32]. Generally, complete thymectomy, including the tumour, the residual thymus and perithymic fat, is preferred because local recurrences have been observed after partial thymectomy. The first step of the operation consists of a careful examination of the mediastinum and pleural cavities, followed by evaluation of macroscopic capsular invasion, infiltration of peri-thymic and mediastinal fat, peritumoral and pleural adherences, and involvement of surrounding tissues. These findings, together with the subsequent pathological examination of the surgical specimen, constitute the basis of staging (table 2) [5, 24]. If the tumour is invasive, en bloc removal of all affected structures, including lung parenchyma (usually through limited resection), great vessels, phrenic nerves and pleural implants, should be performed. Thoracotomy may be mandatory. Areas of uncertain margins are marked with clips to allow precise delivery of post-operative radiotherapy. Phrenic preservation may be balanced with complete resection in patients with severe myasthenia gravis. Frozen sections to assess tumour involvement of resection margins are not recommended, given the high risk of false negative results [31].

Over the past decade, minimally invasive surgery of the thymus has been developed, including a variety of access incisions, methods of exposure, visualisation and equipment [33, 34]. This includes transcervical, extended transcervical, video-assisted thoracoscopy and robotic approaches (right or left, right and left, right and cervical, left and cervical, subxiphoid and right and left, cervical and subxiphoid). In a retrospective comparative analysis, operative time was higher with the robotic approach, but hospital stay was shorter and neurological outcome seemed to be better [35]. The choice for minimally invasive resection should not degrade or change the principles that are deemed appropriate for an open approach, including: resection of the tumour, the thymus and the mediastinal fat; dissection and visualisation of the innominate vein and both phrenic nerves; sufficiently large access incision to prevent specimen disruption; use of a retrival bag; and exploration of the pleura. Conversion to open surgery is mandatory if required to achieve complete resection, and is not considered a complication of the minimal approach.

The incidence of lymph node metastases is largely undetermined in thymic epithelial tumours, as it is unclear in the reported literature how often nodes are biopsied or examined [31]. In the landmark Japanese series of 1,320 resected thymic tumours, lymph node invasion was mostly located in the anterior mediastinum, and was found in 2% of thymomas, including <1% of stage I cases, and 6% of stage III cases [6]. Nodal invasion is higher in thymic carcinomas, as it occurs in the anterior mediastinum in 70% of cases, in other intrathoracic locations in 35% of cases, and in extrathoracic sites in 30% of cases [4, 6]. The unfavourable prognostic value of nodal tumour invasion is only established for carcinomas [6]. Any suspicious nodes (e.g. enlarged, firm or hypermetabolic at PET-scan) should actually be removed and separately labelled and submitted. Routine removal of anterior mediastinal nodes is recommended for stage III–IV thymomas; in this situation, a systematic sampling of intrathoracic sites is encouraged (i.e. paratracheal, aortopulmonary window and subcarinal areas depending on tumour location) [31]. An even more extensive nodal dissection, including anterior mediastinal, intrathoracic, supraclavicular and lower cervical areas, may be discussed in thymic carcinoma.

Hyperthermic intrapleural chemotherapy, as well as extrapleural pneumonectomy, may be discussed in case of stage IVA tumour [36, 37]. Decision-making criteria are still unclear.



SURGICAL PATHOLOGY RECOMMENDATIONS

Recent recommendations to facilitate the surgical pathology diagnosis of thymic epithelial tumours were recently made by ITMIG [31]. Communication between surgeons and pathologists is crucial at this step. The proper orientation of the specimen and the designation of involved structures, organs or areas of concern are the primary responsibility of the operating surgeon, and may be prepared using a mediastinal board, consisting of a line diagram of the mediastinum placed on a simple cork or wax board. The operative note should mention the following elements: whether gross tumour was left behind and, if so, location of residual tumour; extent of resection performed; presence and location of any adhesions that were simply divided (not suspicious for involvement); any additional structures or organs removed; any sites of intra-operative concern, including how these were marked on the specimen and in the patient; which nodal areas were explored and the extent of assessment; and the presence or absence of pleural and pericardial lesion.

The final pathological examination of each specimen lead to a final histological diagnosis and staging of the tumour based on the WHO classification and the refined Masaoka–Koga system, respectively (tables 1 and 2) [3, 24]. Given the potential heterogeneity of thymic epithelial tumours, at least five representative sections should be examined regardless of the tumour diameter; one additional block should be taken per additional centimetre. Capsular integrity or invasion should be explicitly mentioned. Completeness of resection has to be assessed making the distinction between tissues that have been cut or dissected, and a surface bounded by a space (such the mediastinal pleura, pericardium or endothelium of the innominate veins) that should not be designated as a positive margin. A tumour extending up to inked margin in an area of tissue disruption that was identified as not grossly concerning intra-operatively, may not correspond to invaded margin. In all situations in which the margin is <3 mm, the distance separating the tumour from the closest inked margin of resection should be documented; if the margin is <1 mm at least three additional levels through this area should be obtained [31].



RADIOTHERAPY PRINCIPLES

Radiotherapy has been used in two distinct settings for the treatment of thymic epithelial tumours: 1) it may be administered after surgical resection, aiming at decreasing the risk of mediastinal recurrence; and 2) it may also be used as definite treatment in locally advanced tumours that are deemed to remain unresectable after primary chemotherapy [38, 39]. Current modalities of radiotherapy for thymoma include the following. 1) The use of multi-field arrangement conformal radiotherapy and three-dimensional treatment planning. 2) A clinical target volume including the whole thymic space, the tumour and its extensions, and the anterior, superior and middle mediastinum (with reduction of fields after a total dose of 50–55 Gy). Prophylactic supraclavicular nodes irradiation is no longer recommended, as isolated recurrences in this area are exceptional. 3) A total dose ranging from 40 to 60 Gy, including a boost on the tumour bed in incompletely or non-resected lesions, as mentioned previously, surgical clips may be then useful to plan the gross tumour volume, with a standard-fractionation scheme consisting of daily doses ranging from 1.8 to 2 Gy over a 4–6-week period. Standard dose constraints for thoracic radiotherapy should be used. Although thymomas have been recognised as highly radiosensitive for years, the benefit of dose escalation on local control has not clearly been established. Arriagada et al. [40] reported similar local control rates with total doses inferior to 48 Gy or superior to 60 Gy, while in more recent series, no improvement regarding local control was observed with doses of 50 Gy or >60 Gy [41]. Ultimately, higher doses are usually delivered, if possible, in the setting of definite treatment, as compared to that of post-operative treatment, with total doses of 40–50 Gy and 50–60 Gy with a boost up to 60–66 Gy, respectively. Patients with thymic tumour may have a prolonged survival and, if so, late-onset radiation-induced toxicities have to be considered. In-field malignancies may occur. Moreover, radiotherapy may be useful for the treatment of subsequent tumour recurrences [42].


Post-operative radiotherapy

Post-operative radiation is typically administered within 2 months after surgery. When the tumour has been completely resected, minimum fields for post-operative radiation should encompass the pre-operative extent of disease, as indicated by pre-operative imaging and regions of risk identified intra-operatively (“involved field” treatment). The field may then encompass involved nodes and the site of a resected pleural implant. The role of post-operative radiotherapy remains highly debated. The low number and the delay of recurrences make statistical analyses underpowered in the majority of studies. More than tumour stage, completeness of surgical resection is such a significant factor of overall survival that the intrinsic weight of radiotherapy is hard to evaluate [21].

Masaoka stage I thymomas carry a recurrence rate after complete resection that is as low as 1–2% with a 5-yr survival of 100% after exclusive surgery [5, 21]. Post-operative treatment is then highly unlikely to demonstrate any significant improvement. A Chinese trial including 29 patients compared adjuvant radiotherapy versus exclusive surgery in patients with completely resected stage I thymomas, and, although underpowered, failed to show any differences in patient outcome [43]. Furthermore, a recent report from the Survival, Epidemiology, and End Results (SEER) database including 275 stage I thymic tumours suggested a possible adverse impact of post-operative radiotherapy on 5-yr cause-specific survival (91% versus 98% without radiotherapy; p=0.03) [44]. Adjuvant radiotherapy is then rarely administered in stage I thymomas after complete surgical resection (fig. 1) [45].
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Figure 1. 
Computed tomography scan of a 35-yr-old male who presented with chest pain, showing a mass in the anterior mediastium (arrow). Surgical resection was performed immediately. The tumour was a type AB stage I thymoma. No post-operative treatment was administered.





For stage II tumours, complete resection is achieved in 75–90% of cases, with 5-yr local control achieved in >85% of cases [6, 46–48]. In the landmark Japanese cohort including 257 stage II thymomas, no significant difference was observed regarding recurrence rates in patients who received surgery alone or surgery followed by adjuvant radiotherapy [6]. However, more recent series, involving the use of modern radiation delivery techniques, suggested post-operative radiotherapy might improve disease-free and overall survival even more in these patients; by up to 100% and 95%, respectively [41, 48–51]. Differences in outcome may exist depending on the extent of capsular invasion, i.e. whether tumour stage is IIa or IIb. In a SEER database study including 1,334 patients, post-operative radiotherapy resulted in a marginally significant survival benefit (p=0.09) [52]. In a recent study from the University of Pennsylvania (Philadelphia, PA, USA), this benefit was estimated to be 8%, despite being based on a small number of patients [53].

In completely resected stage III tumours, recurrence rates have been reported for a long time as being lower after post-operative radiotherapy [46, 54–56], ranging from 0% to 20% versus 40% to 55% after adjuvant radiotherapy or exclusive surgery, respectively [57–61]. Current practice is actually highly variable, but the global trend over recent years is clearly moving towards a less frequent use of post-operative radiotherapy, reserving it for high-risk cases. Moreover, it has become clear that recurrences occur outside the mediastinum in >60% of cases, especially in stage II–III tumours. A SEER database analysis included 626 invasive thymic tumours, and showed that 5-year survival was significantly better after post-operative radiotherapy (76% versus 66%; p=0.01), but cause-specific survival was similar (91% versus 86%; p=0.12) [44]. This finding may be potentially related to the high late toxicity rates of radiotherapy before the conformal era. Another SEER analysis on 1,464 patients confirmed these results [62]. However, in those analyses, no benefit from radiotherapy was observed after “extirpative”, i.e. R0 or R1, resection. A pooled analysis of retrospective studies comparing exclusive R0 surgery versus R0 surgery followed by radiotherapy for stage II–III thymomas and published from 1981 to 2008, was conducted by Korst et al. [63]. Overall, 592 patients from 13 studies were included: 250 who received adjuvant radiotherapy and 342 who did not. No significant difference was observed in the two groups (OR 1.05, 95% CI 0.63–1.75; p=0.63).

Integration of histology in the decision-making process for post-operative radiotherapy is complex. In a series of 79 patients with completely resected stage III-type B thymoma, only five presented with tumour recurrence [64]. In a Japanese series of 324 patients with resected thymic tumour, 119 of whom had received post-operative radiotherapy, specific survival was lower after radiotherapy in case of type A-AB-B1 tumour, while no survival difference was observed in case of type B2-B3 tumours, independently from tumour stage [65]. In another series of 107 patients with resected stage II tumours, type B3 histology was an independent unfavourable prognostic factor, suggesting the potential interest for radiotherapy in this subset of patients [66]. Data for thymic carcinoma are hard to interpret given the rarity and inconsistency in the diagnostic criteria. In the Japanese series, 186 patients with thymic carcinoma were analysed with no survival difference based on post-operative treatment, regardless of the tumour stage [6]. In a more recent series of 26 patients with thymic carcinoma treated with surgery and radiotherapy, local control rate was 82% higher than that observed in a historical series [67].

Based on these data, a proposal of recommendations for post-operative radiotherapy following complete resection of a thymic tumour is presented in table 3. Post-operative radiotherapy may be administered in the case of microscopically incomplete (R1) resection, with a boost to doses of at least 60 Gy on areas of concern. Radiotherapy consistently decreased recurrence rates from 60–80% to 21–45% in this setting [6, 50, 54, 55, 60, 61].
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Table 3. 
Stage-based proposal of therapeutic strategies for thymic epithelial tumours




Hemithoracic radiotherapy, recently made feasible with the availability of intensity-modulated and tomotherapy techniques, has been hypothesised to be of interest in controlling the high risk of recurrence that occurs in the pleura [68]. Several reports indicate the feasibility and efficacy of delivering a 10–15 Gy prophylactic hemithoracic irradiation after complete resection and adjuvant radiotherapy, with a reduction of recurrence rates from 90–100% to 60–75%, without a clear effect on overall survival [68–70].



Definite radiotherapy

Definite radiotherapy is defined as radiotherapy delivered as the sole local modality for control of disease, although it is often combined with primary chemotherapy for systemic treatment [38]. Radiotherapy is used in case of a thymic tumour which remains unresectable or inoperable after induction treatment. Definite radiotherapy also refers to radiotherapy delivered when a macroscopically incomplete (R2) resection was previously performed. Thus, radiotherapy is used as a primary local modality for curative intent, with or without chemotherapy. This is because the role of debulking both on local control and recurrence-free survival remains uncertain, although it may facilitate further curative-intent radiotherapy through the reduction of the gross tumour volume [58, 71]. Treatment field guidelines should be delineated and reported as described previously. Doses should be >54 Gy to be considered curative intent.

Loehrer et al. [72] reported the landmark prospective study on sequential radiotherapy for thymomas in 1995. The trial enrolled 23 patients who received induction chemotherapy with the cyclophophamide, doxorubicin and cisplatin regimen and were subsequently treated with definite radiotherapy to a total dose of 54 Gy. This strategy resulted in an overall response rate of 70% and a 5-yr survival of 53%, comparing favourably with the results of incomplete resection [72]. Another prospective trial recruited 25 patients evaluated for radiotherapy as a definite treatment for advanced thymoma [73]. Mean total dose was actually only 46 Gy. Disease-free survival was 81% and overall survival was 72%. Retrospective data in an unselected population reported less impressive results, with disease-free survival of 45–50%.

Definite concurrent chemoradiotherapy with platin and etoposide-based chemotherapy has mainly been used for thymic carcinoma tumours, mostly in a limited subset of patients included in retrospective studies; any recommendation on this strategy is hard to interpret [4].




CHEMOTHERAPY PRINCIPLES

Chemotherapy may be delivered as the sole treatment modality in unresectable, advanced, metastatic or recurrent tumours. Chemotherapy is then a palliative-intent treatment. The aim is to improve tumour-related symptoms by obtaining a tumour response; no prolonged survival is expected. There is currently no rationale to use post-operative or consolidation chemotherapy after R0–R1 resection of a thymoma [6, 22, 55, 74, 75]. Chemotherapy may be delivered in combination with radiotherapy after a R2 resection, as described above. On the contrary, thymic carcinomas do present with frequent and early locoregional and systemic recurrences after surgery [4]. In the landmark Japanese series, 186 patients with thymic carcinoma were included, 92 of which had been completely resected [6]. Outcome was better in patients who received post-operative chemotherapy (5-yr survival 82%, n=12) than in those who received post-operative chemoradiation (5-yr survival 47%, n=24), radiotherapy (5-yr survival 74%, n=33) or no adjuvant treatment (5-yr survival 72%, n=16). Despite the small number of patients, post-operative chemotherapy may then be discussed for thymic carcinoma, usually combined with radiotherapy, especially if no pre-operative treatment was administered [17, 76, 77].


Curative-intent, primary chemotherapy

As stated previously, the ultimate aim of the treatment of invasive thymic epithelial tumours, including stage III–IV tumours that are unresectable at the time of diagnosis, is to achieve complete resection to achieve long-term survival. Several chemotherapy regimens have been used in this setting, mostly consisting of adriamycin- and/or platin-based multi-agent combinations (table 4, fig. 2) [78–88]. Usually two to four cycles of chemotherapy are administered before imaging reassessment. Besides CT scan assessment, PET scan standard uptake value decrease as compared to pre-treatment imaging, which may represent a predictor for resectability [28]. Response rates to chemotherapy ranged from 70% to 80% in the largest studies. Patients for whom R0 resection was thought to be feasible undergo surgery, and complete resection is achieved in approximately 50% of cases (table 4). Post-operative radiotherapy is then delivered frequently. When the patient is not deemed to be a surgical candidate, either because R0 resection is not thought to be achievable, because of poor performance status or a co-existent medical condition, definite radiotherapy, as reported previously, is delivered. As the aim is to increasing the response rate to primary treatment and, thus complete resection rate, chemotherapy may be combined with radiotherapy. Available retrospective data do not provide interpretable data to allow a comparison between chemotherapy and chemoradiotherapy in the pre-operative setting (table 4) [37, 72]. As mentioned previously, a randomised phase II trial evaluating cisplatin and etoposide chemotherapy combined with conformal or intensity-modulated radiotherapy as primary treatment of unresectable thymoma and thymic carcinoma is currently ongoing (Clinicaltrials.gov NCT00387868).
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Figure 2. 
Computed tomography scan of a 37-yr-old male who presented with dyspnoea and fatigue. Invasive tumour of the anterior mediastin was observed in the right hemithorax (arrow); percutaneous biopsy showed a type B3 thymoma. The patient received multimodal treatment with primary chemotherapy followed by surgical resection. Resection status was R1. Post-operative radiotherapy was delivered.
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Table 4. 
Landmark studies reporting on palliative chemotherapy regimens in advanced thymic malignancies




After primary chemotherapy, if radiotherapy is not feasible, either because of a large tumour burden that precludes safe delivery of appropriate doses or because of co-morbidities increasing the risks of radiation-induced toxicity, chemotherapy alone is initiated, in a strategy that may ultimately be considered palliative. In the reported literature, 10–21% of patients with locally advanced thymic tumours receiving upfront chemotherapy did not receive either surgery or radiation therapy or other local treatment. Survival of these patients is frequently limited (table 4).

Overall, the major challenge in interpreting data about pre-operative chemotherapy in thymic malignancies is the wide variation in the number of patients subsequently treated with surgery, radiotherapy or chemotherapy alone, which suggests significant heterogeneity in the inclusion criteria among studies. Response has been evaluated based on elusive criteria in some studies published before CT scans were largely available. In most studies, thymomas and thymic carcinomas, as well as newly diagnosed and recurrent tumours, were not analysed separately. In addition, some investigators distinguished “marginally resectable”, “potentially resectable” and “unresectable” tumours with no clear-cut definition, instead of indicating tumour stage. Ultimately, the majority of studies are retrospective with an uncontrolled design. Finally, one should consider the potential effect of corticosteroids, which have been known for a long time to have a “lympholytic” effect [89]. The thymuses of patients receiving corticosteroids have significantly increased fat and connective tissue, decreased germinal centres and poorer corticomedullary differentiation than those of patients not receiving steroids. In lymphocytic thymomas (type AB, B1 and B2), corticosteroids may then produce a significant reduction of lesion size in imaging studies through lymphocytic depletion, with no anti-tumour effect. Ultimately, primary chemotherapy may provide a window of opportunity to evaluate tumour chemosensitivity before deciding whether surgery or definite radiotherapy may be performed.



Palliative-intent, definite chemotherapy

Palliative chemotherapy is given as the sole treatment modality for thymic tumours, usually in the setting of stage IV, unresectable, recurrent disease. Prolonged disease control is possible, but tumour eradication is not expected. Several studies, both prospective and retrospective, described several regimens for definite chemotherapy (table 5) [90–99], but because there are no randomised studies it is unclear which are best; multi-agent combination regimens and anthracycline-based regimens appear to have improved response rates compared to others, especially the etoposide, ifosfamide and cisplatin combinations. In general, a combination regimen is recommended for at least three and no more than six cycles (fig. 3). Overall, response rates are 20–40% lower than those observed in the preoperative setting. Progression-free and overall survival of patients ranges from 12 to 66 months and from 37 to 72 months, respectively; such variability may be related to the various settings in which chemotherapy was delivered in those studies.
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Figure 3. 
Computed tomography scan of a 45-yr-old female who presented with shortness of breath and chest pain. “Pseudo-mesotheliomatous” pleural invasion was observed in the right hemithorax; surgical biopsy showed a type B1 thymoma. The patient is currently receiving definite chemotherapy with cyclophosphamide, adriamycin, and cisplatin.
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Table 5. 
Selected studies reporting on pre-operative chemotherapy or chemoradiation for locally-advanced thymic tumours




In the palliative-intent setting, several consecutive lines of chemotherapy may be administered when the patient presents with tumour progression. It is estimated that 50–70% of patients with thymoma recurrence are eligible for chemotherapy [15]. The strategy may consist of the re-administration of a previously effective regimen [100], especially in case of previous response, late occurring recurrence and, for anthracyclins, a patient in a good medical condition and not having received cumulative doses precluding the safe delivery of at least three additional cycles. The risk of cardiac toxicity is even more increased because of previous use of mediastinal radiotherapy and the potential development of paraneoplastic myocarditis [101]; the use of less toxic agents, including paclitaxel [97] or pemetrexed [92]. In case of recurrence, the strategy may actually primarily consist of a similar multimodal management to that conducted at time of first diagnosis, with surgery and radiotherapy in eligible cases [102–105]. Complete resection remains a major prognostic factor in this setting.

In patients not eligible to receive additional chemotherapy, octreotide may represent a valuable option. As a single agent, octreotide produced objective tumour responses rates ranging from 10% to 37% in tumours showing increased uptake at octreoscan scintigraphy [106–108]. Collectively, 90% of patients with thymoma and 50% of patients with thymic carcinoma experienced disease control, although objective response was reported in only one patient with thymic carcinoma.




TARGETED THERAPIES

Despite the rarity of these tumours, significant efforts have been made to dissect the molecular pathways involved in the carcinogenesis of thymic malignancies [26, 109, 110]. Given the currently available targeted agents outside of a clinical trial, the signalling pathways that are relevant in the clinical care of patients are the KIT and the vascular endothelial growth factor receptor (VEGFR) pathways.

KIT is a transmembrane growth factor with tyrosine kinase activity. Several tyrosine kinase inhibitors targeting KIT have been developed, including imatinib (Novartis, Basel, Switzerland), sunitinib (Pfizer, New York, NY, USA) and sorafenib (Bayer, West Haven, CT, USA), most of which also potently inhibit other kinases, including VEGFR and platelet-derived growth factor receptors. A recent pooled analysis of data reported in the literature indicates that collectively, KIT is overexpressed in 2% of thymomas and 79% of thymic carcinomas [22]. Given the significantly highest frequency of KIT expression in thymic carcinoma, some authors proposed KIT as a diagnostic marker of carcinoma of thymic origin versus other origins in the setting of a mediastinal tumour [111]. Despite the high expression of KIT, KIT gene mutations are found in only 9% of thymic carcinomas (13 out of 128 collectively analysed) (table 6) [26, 112–117]. Clinically, KIT mutant thymic carcinomas then represent a small molecular subset of thymic tumours. The relevance of KIT mutations is even more limited in thymic carcinoma than in other cancers such as gastro-intestinal stromal tumour, as: 1) KIT mutations are far less frequent; 2) KIT expression does not correlate with the presence of KIT mutation; and 3) non pre-treated KIT mutants are not uniformly sensitive to imatinib, based on the clinical and/or the pre-clinical evidence in thymic carcinoma and/or other KIT-mutant tumours (table 6). These findings may explain why the two reported phase II trials with imatinib where patients were not selected [118], or were selected based upon histological type (B3 thymomas and thymic carcinomas) [119] or KIT staining by immunohistochemistry [120] and not upon KIT genotyping were negative.
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Table 6. 
Growth inhibitory drug effects in cell lines containing KIT mutations identified in thymic carcinomas




Multi-kinase inhibitors may also be of interest to target angiogenesis. The most potent pro-angiogenic molecules are those of the VEGF/VEGFR signalling pathway. VEGF-A and VEGFR-1 and -2 are overexpressed in thymomas and thymic carcinomas [121, 122]. Micro-vessel density and VEGF expression levels have been shown to correlate with tumour invasion, aggressive histology and clinical stage [123].

In a phase II trial, bevacizumab was tested in combination with erlotinib in 11 thymomas and seven thymic carcinomas [124]. No tumour response was observed. In a phase I study combining docetaxel with aflibercept, a soluble receptor that binds VEGF-A (also called VEGF trap), one patient with thymoma experienced partial response [125]. Interestingly, despite the large tumour burden of thymic tumours and the frequent abutment to mediastinal vascular structures, no haemorrhagic side-effect has been reported with the use of these drugs in these studies. Beyond the inhibition of KIT, sunitinib and sorafenib also inhibit VEGFR-1, VEGFR-2 and VEGFR-3 at the nano-molar range. The effect of these drugs, especially in KIT wild-type thymic carcinoma tumours may then be partially related to an anti-angiogenic effect [126, 127]. As with sunitinib and sorafenib, motesanib diphosphonate (AMG-706; Amgen, Thousand Oaks, CA, USA) is a specific inhibitor of VEGFR-1, VEGFR-2 and VEGFR-3, which has been reported to control the growth of a thymic carcinoma tumour refractory to chemotherapy for 12 months [128].

Among others, promising targets in thymoma and thymic carcinoma include IGF-1R and histone deacetylase [109, 129]. Cituxumumab, an IGF1-R directed monoclonal antibody was recently reported to produce a promising 90% disease control rate in refractory thymomas [130]. Belisnostat, a histone deacetylase inhibitor, was evaluated in thymic malignancies in a recently completed phase II trial enrolling 41 patients (25 thymomas and 16 thymic carcinomas) [129]. Response and 2-yr survival rates were 8% and 77%, respectively, in thymomas, and 0% and 0%, respectively, in thymic carcinomas.

Given the rarity of the tumour, translation of pre-clinical findings to the clinic may be quick; for example, implementation of KIT genotyping in clinical practice would represent a model of n-of-one trial approach in the field.

The management of thymic tumours is a paradigm of co-operation between clinicians, surgeons and pathologists from establishing the diagnosis to organising the therapeutic strategy and evaluating the prognosis. As a consequence of their rarity, collaborative studies are warranted in order to evaluate and improve current therapeutic standards, taking into account recent advances in techniques and concepts, such as robotic surgery, radiotherapy, molecular biology and supportive treatment. Along with the large variety of questions relative to the treatment strategy, thymic epithelial tumours represent a model of therapeutic implementation and achievement in orphan thoracic oncology, showing how the advent of new results induces new questions, as well as diversifies further clinical research directions and international collaborative initiatives.


Footnotes
	Provenance
Submitted article, peer reviewed.

	Statement of Interest
None declared.



	Received December 3, 2012.
	Accepted December 18, 2012.

	©ERS 2013

REFERENCES
	↵	de Jong  WK, 
	Blaauwgeers  JL, 
	Schaapveld  M, 
	et al

. Thymic epithelial tumours: a population-based study of the incidence, diagnostic procedures and therapy. Eur J Cancer 2008; 44: 123–130.
OpenUrlCrossRefPubMed


	↵	Girard  N, 
	Mornex  F, 
	Van Houtte  P, 
	et al

. Thymoma: a focus on current therapeutic management. J Thorac Oncol 2009; 4: 119–126.
OpenUrlCrossRefPubMed


	↵	Travis  WB, 
	Brambilla  A, 
	Muller-Hermelinck  HK, 
	et al

. World Health Organization Classification of Tumours. Pathology and Genetics of Tumours of the Lung, Pleura, Thymus and Heart. Lyon, IARC Press, 2004; p. 146.



	↵	Eng  TY, 
	Fuller  CD, 
	Jagirdar  J, 
	et al

. Thymic carcinoma: state of the art review. Int J Radiat Oncol Biol Phys 2004; 59: 654–664.
OpenUrlCrossRefPubMed


	↵	Koga  K, 
	Matsuno  Y, 
	Noguchi  M, 
	et al

. A review of 79 thymomas: modification of staging system and reappraisal of conventional division into invasive and non-invasive thymoma. Pathol Int 1994; 44: 359–367.
OpenUrlPubMed


	↵	Kondo  K, 
	Monden  Y

. Therapy for thymic epithelial tumors: a clinical study of 1,320 patients from Japan. Ann Thorac Surg 2003; 76: 878–884.
OpenUrlCrossRefPubMed


	↵	Okumura  M, 
	Shiono  H, 
	Inoue  M, 
	et al

. Outcome of surgical treatment for recurrent thymic epithelial tumors with reference to world health organization histologic classification system. J Surg Oncol 2007; 95: 40–44.
OpenUrlCrossRefPubMed


		Chalabreysse  L, 
	Roy  P, 
	Cordier  JF, 
	et al

. Correlation of the WHO schema for the classification of thymic epithelial neoplasms with prognosis: a retrospective study of 90 tumors. Am J Surg Pathol 2002; 26: 1605–1611.
OpenUrlCrossRefPubMed


	↵	Rossi  G, 
	Costantini  M, 
	Tagliavini  E, 
	et al

. Thymoma classification: does it matter? Histopathology 2008; 53: 483–484.
OpenUrlCrossRefPubMed


	↵	Weissferdt  A, 
	Moran  CA

. Thymic carcinoma, part 2: a clinicopathologic correlation of 33 cases with a proposed staging system. Am J Clin Pathol 2012; 138: 115–121.
OpenUrlAbstract/FREE Full Text


	↵	Takahama  Y

. Journey through the thymus: stromal guides for T-cell development and selection. Nat Rev Immunol 2006; 6: 127–135.
OpenUrlCrossRefPubMed


	↵	Marx  A, 
	Hohenberger  P, 
	Hoffmann  H, 
	et al

. The autoimmune regulator AIRE in thymoma biology: autoimmunity and beyond. J Thorac Oncol 2010; 5: Suppl. 4, S266–S272.
OpenUrlCrossRefPubMed


	↵	Tormoehlen  LM, 
	Pascuzzi  RM

. Thymoma, myasthenia gravis, and other paraneoplastic syndromes. Hematol Oncol Clin North Am 2008; 22: 509–526.
OpenUrlCrossRefPubMed


	↵	Masaoka  A, 
	Yamakawa  Y, 
	Niwa  H, 
	et al

. Extended thymectomy for myasthenia gravis patients: a 20-year review. Ann Thorac Surg 1996; 62: 853–859.
OpenUrlCrossRefPubMed


	↵	Huang  J, 
	Detterbeck  FC, 
	Wang  Z, 
	et al

. Standard outcome measures for thymic malignancies. J Thorac Oncol 2011; 6: Suppl. 3, S1691–S1697.
OpenUrlCrossRefPubMed


	↵	Davenport  E, 
	Malthaner  RA

. The role of surgery in the management of thymoma: a systematic review. Ann Thorac Surg 2008; 86: 673–684.
OpenUrlCrossRefPubMed


	↵NCCN Clinical Practice Guidelines in Oncology. Thymic malignancies. V.2.2010. Available at www.nccn.org.



		Tomaszek  S, 
	Wigle  DA, 
	Keshavjee  S, 
	et al

. Thymomas: review of current clinical practice. Ann Thorac Surg 2009; 87: 1973–8190.
OpenUrlCrossRefPubMed


		Brady  LW, 
	Lu  JJ, 
	Heilmann  HP

	Kong  FM, 
	Lu  JJ

. Thymoma. In: 
Brady  LW, 
Lu  JJ, 
Heilmann  HP
. Radiation Oncology: An Evidence-Based Approach. Berlin, Springer-Verlag, 2008; pp 159–170.



	↵	Falkson  CB, 
	Bezjak  A, 
	Darling  G, 
	et al

. The management of thymoma: a systematic review and practice guideline. J Thorac Oncol 2009; 4: 911–919.
OpenUrlCrossRefPubMed


	↵	Detterbeck  F, 
	Youssef  S, 
	Ruffini  E, 
	et al

. A review of prognostic factors in thymic malignancies. J Thorac Oncol 2011; 6: Suppl. 3, S1698–S1704.
OpenUrlCrossRefPubMed


	↵	Girard  N

. Chemotherapy and targeted agents for thymic malignancies. Expert Rev Anticancer Ther 2012; 12: 685–695.
OpenUrlCrossRefPubMed


	↵	Girard  M, 
	Lal  R, 
	Wakelee  H, 
	et al

. Chemotherapy definitions and policies for thymic malignancies. J Thorac Oncol 2011; 6: Suppl. 3, S1749–S1755.
OpenUrlCrossRefPubMed


	↵	Detterbeck  F, 
	Nicholson  AG, 
	Kondo  K, 
	et al

. The Masaoka-Koga Stage Classification for Thymic Malignancies: clarification and definition of terms. J Thoracic Oncol 2011; 6: Suppl. 3, S1710–S1716.
OpenUrlCrossRef


	↵	Rieker  RJ, 
	Muley  T, 
	Klein  C, 
	et al

. An institutional study on thymomas and thymic carcinomas: experience in 77 patients. Thorac Cardiovasc Surg 2008; 56: 143–147.
OpenUrlCrossRefPubMed


	↵	Verghese  ET, 
	den Bakker  MA, 
	Campbell  A, 
	et al

. Interobserver variation in the classification of thymic tumours – a multicentre study using the WHO classification system. Histopathology 2008; 53: 218–223.
OpenUrlCrossRefPubMed


	↵	Marom  EM, 
	Milito  MA, 
	Moran  CA, 
	et al

. Computed tomography findings predicting invasiveness of thymoma. J Thorac Oncol 2011; 6: 1274–1281.
OpenUrlCrossRefPubMed


	↵	Kaira  K, 
	Murakami  H, 
	Miura  S, 
	et al

. 18F-FDG uptake on PET helps predict outcome and response after treatment in unresectable thymic epithelial tumors. Ann Nucl Med 2011; 25: 247–253.
OpenUrlCrossRefPubMed


	↵	El-Bawab  HY, 
	Abouzied  MM, 
	Rafay  MA, 
	et al

. Clinical use of combined positron emission tomography and computed tomography in thymoma recurrence. Interact Cardiovasc Thorac Surg 2010; 11: 395–399.
OpenUrlAbstract/FREE Full Text


	↵	Marchevsky  A, 
	Marx  A, 
	Ströbel  P, 
	et al

. Policies and reporting guidelines for small biopsy specimens of mediastinal masses. J Thorac Oncol 2011; 6: Suppl. 3, S1724–S1729.
OpenUrlCrossRefPubMed


	↵	Detterbeck  FC, 
	Moran  C, 
	Huang  J, 
	et al

. Which Way is Up? Policies and procedures for surgeons and pathologists regarding resection specimens of thymic malignancy. J Thoracic Oncol 2011; 6: Suppl. 3, S1730–S1738.
OpenUrlCrossRef


	↵	Kaiser  LR

. Surgical treatment of thymic epithelial neoplasms. Hematol Oncol Clin North Am 2008; 22: 475–488.
OpenUrlCrossRefPubMed


	↵	Toker  A, 
	Sonett  J, 
	Zielinski  M, 
	et al

. Standard terms, definitions, and policies for minimally invasive resection of thymoma. J Thorac Oncol 2011; 6: Suppl. 3, S1739–S1742.
OpenUrlCrossRefPubMed


	↵	Rückert  JC, 
	Ismail  M, 
	Swierzy  M, 
	et al

. Thoracoscopic thymectomy with the da Vinci robotic system for myasthenia gravis. Ann N Y Acad Sci 2008; 1132: 329–335.
OpenUrlCrossRefPubMed


	↵	Cakar  F, 
	Werner  P, 
	Augustin  F, 
	et al

. A comparison of outcomes after robotic and open extended thymectomy for myasthenia gravis. Eur J Cardiothorac Surg 2007; 31: 501–505.
OpenUrlAbstract/FREE Full Text


	↵	Yellin  A, 
	Simansky  DA, 
	Ben-Avi  R, 
	et al

. Resection and heated pleural chemoperfusion in patients with thymic epithelial malignant disease and pleural spread: a single-institution experience. J Thorac Cardiovasc Surg 2013; 145: 83–89.
OpenUrlCrossRefPubMed


	↵	Wright  CD, 
	Choi  NC, 
	Wain  JC, 
	et al

. Induction chemoradiotherapy followed by resection for locally advanced Masaoka stage III and IVA thymic tumors. Ann Thorac Surg 2008; 85: 385–389.
OpenUrlCrossRefPubMed


	↵	Gomez  D, 
	Komaki  R, 
	Yu  J, 
	et al

. Radiation therapy definitions and reporting guidelines for thymic malignancies. J Thorac Oncol 2011; 6: Suppl. 3, S1743–S1748.
OpenUrlCrossRefPubMed


	↵	Girard  N, 
	Mornex  F

. The role of radiotherapy in the management of thymic tumors. Thorac Surg Clin 2011; 21: 99–105.
OpenUrlCrossRefPubMed


	↵	Arriagada  R, 
	Bretel  JJ, 
	Caillaud  JM, 
	et al

. Invasive carcinoma of the thymus. A multicenter retrospective review of 56 cases. Eur J Cancer Clin Oncol 1984; 20: 69–74.
OpenUrlCrossRefPubMed


	↵	Zhu  G, 
	He  S, 
	Fu  X, 
	et al

. Radiotherapy and prognostic factors for thymoma: a retrospective study of 175 patients. Int J Radiat Oncol Biol Phys 2004; 60: 1113–1119.
OpenUrlCrossRefPubMed


	↵	Kadota  Y, 
	Utsumi  T, 
	Inoue  M, 
	et al

. Radiation-induced osteosarcoma 17 years after mediastinal irradiation following surgical removal of thymoma. Gen Thorac Cardiovasc Surg 2010; 58: 651–653.
OpenUrlCrossRefPubMed


	↵	Zhang  H, 
	Lu  N, 
	Wang  M, 
	et al

. Postoperative radiotherapy for stage I thymoma: a prospective randomized trial in 29 cases. Chin Med J (Engl) 1999; 112: 136–138.
OpenUrlPubMed


	↵	Forquer  JA, 
	Rong  N, 
	Fakiris  AJ, 
	et al

. Postoperative radiotherapy after surgical resection of thymoma: differing roles in localized and regional disease. Int J Radiat Oncol Biol Phys 2010; 76: 440–445.
OpenUrlCrossRefPubMed


	↵	Ruffini  E, 
	Van Raemdonck  D, 
	Detterbeck  F, 
	et al

. Management of thymic tumors: a survey of current practice among members of the European Society of Thoracic Surgeons. J Thorac Oncol 2011; 6: 614–623.
OpenUrlCrossRefPubMed


	↵	Curran  WJ  Jr., 
	Kornstein  MJ, 
	Brooks  JJ, 
	et al

. Invasive thymoma: the role of mediastinal irradiation following complete or incomplete surgical resection. J Clin Oncol 1988; 6: 1722–1727.
OpenUrlAbstract/FREE Full Text


		Wilkins  KB, 
	Sheikh  E, 
	Green  R, 
	et al

. Clinical and pathologic predictors of survival in patients with thymoma. Ann Surg 1999; 230: 562–572.
OpenUrlCrossRefPubMed


	↵	Kundel  Y, 
	Yellin  A, 
	Popovtzer  A, 
	et al

. Adjuvant radiotherapy for thymic epithelial tumor: treatment results and prognostic factors. Am J Clin Oncol 2007; 30: 389–394.
OpenUrlCrossRefPubMed


		Wu  KL, 
	Mao  JF, 
	Chen  GY, 
	et al

. Prognostic predictors and long-term outcome of postoperative irradiation in thymoma: a study of 241 patients. Cancer Invest 2009; 27: 1008–1015.
OpenUrlCrossRefPubMed


	↵	Mangi  AA, 
	Wright  CD, 
	Allan  JS, 
	et al

. Adjuvant radiation therapy for stage II thymoma. Ann Thorac Surg 2002; 74: 1033–1037.
OpenUrlCrossRefPubMed


	↵	Ogawa  K, 
	Uno  T, 
	Toita  T, 
	et al

. Postoperative radiotherapy for patients with completely resected thymoma: a multi-institutional, retrospective review of 103 patients. Cancer 2002; 94: 1405–1413.
OpenUrlCrossRefPubMed


	↵	Fernandes  AT, 
	Shinohara  ET, 
	Guo  M, 
	et al

. The role of radiation therapy in malignant thymoma: a Surveillance, Epidemiology, and End Results database analysis. J Thorac Oncol 2010; 5: 1454–1460.
OpenUrlCrossRefPubMed


	↵	Berman  AT, 
	Litzky  L, 
	Livolsi  V, 
	et al

. Adjuvant radiotherapy for completely resected stage 2 thymoma. Cancer 2011; 117: 3502–3508.
OpenUrlCrossRefPubMed


	↵	Weksler  B, 
	Shende  M, 
	Nason  KS, 
	et al

. The role of adjuvant radiation therapy for resected stage III thymoma: a population-based study. Ann Thorac Surg 2012; 93: 1822–1828.
OpenUrlCrossRefPubMed


	↵	Mornex  F, 
	Resbeut  M, 
	Richaud  P, 
	et al

. Radiotherapy and chemotherapy for invasive thymomas: a multicentric retrospective review of 90 cases. The FNCLCC trialists. Fédération Nationale des Centres de Lutte Contre le Cancer. Int J Radiat Oncol Biol Phys 1995; 32: 651–659.
OpenUrlCrossRefPubMed


	↵	Myojin  M, 
	Choi  NC, 
	Wright  CD, 
	et al

. Stage III thymoma: pattern of failure after surgery and postoperative radiotherapy and its implication for future study. Int J Radiat Oncol Biol Phys 2000; 46: 927–933.
OpenUrlCrossRefPubMed


	↵	Ciernik  IF, 
	Meier  U, 
	Lütolf  UM

. Prognostic factors and outcome of incompletely resected invasive thymoma following radiation therapy. J Clin Oncol 1994; 12: 1484–1490.
OpenUrlAbstract


	↵	Nakahara  K, 
	Ohno  K, 
	Hashimoto  J, 
	et al

. Thymoma: results with complete resection and adjuvant postoperative irradiation in 141 consecutive patients. J Thorac Cardiovasc Surg 1988; 95: 1041–1047.
OpenUrlPubMed


		Haniuda  M, 
	Morimoto  M, 
	Nishimura  H, 
	et al

. Adjuvant radiotherapy after complete resection of thymoma. Ann Thorac Surg 1992; 54: 311–315.
OpenUrlCrossRefPubMed


	↵	Pollack  A, 
	Komaki  R, 
	Cox  JD, 
	et al

. Thymoma: treatment and prognosis. Int J Radiat Oncol Biol Phys 1992; 23: 1037–1043.
OpenUrlPubMed


	↵	Urgesi  A, 
	Monetti  U, 
	Rossi  G, 
	et al

. Aggressive treatment of intrathoracic recurrences of thymoma. Radiother Oncol 1992; 24: 221–225.
OpenUrlCrossRefPubMed


	↵	Patel  S, 
	Macdonald  OK, 
	Nagda  S, 
	et al

. Evaluation of the role of radiation therapy in the management of malignant thymoma. Int J Radiat Oncol Biol Phys 2012; 82: 1797–1801.
OpenUrlCrossRefPubMed


	↵	Korst  RJ, 
	Kansler  AL, 
	Christos  PJ, 
	et al

. Adjuvant radiotherapy for thymic epithelial tumors: a systematic review and meta-analysis. Ann Thorac Surg 2009; 87: 1641–1647.
OpenUrlCrossRefPubMed


	↵	Kim  HK, 
	Choi  YS, 
	Kim  J, 
	et al

. Type B thymoma: is prognosis predicted only by World Health Organization classification? J Thorac Cardiovasc Surg 2010; 139: 1431–1435.
OpenUrlCrossRefPubMed


	↵	Utsumi  T, 
	Shiono  H, 
	Kadota  Y, 
	et al

. Postoperative radiation therapy after complete resection of thymoma has little impact on survival. Cancer 2009; 115: 5413–5420.
OpenUrlCrossRefPubMed


	↵	Chen  YD, 
	Feng  QF, 
	Lu  HZ, 
	et al

. Role of adjuvant radiotherapy for stage II thymoma after complete tumor resection. Int J Radiat Oncol Biol Phys 2010; 78: 1400–1406.
OpenUrlCrossRefPubMed


	↵	Hsu  HC, 
	Huang  EY, 
	Wang  CJ, 
	et al

. Postoperative radiotherapy in thymic carcinoma: treatment results and prognostic factors. Int J Radiat Oncol Biol Phys 2002; 52: 801–805.
OpenUrlCrossRefPubMed


	↵	Uematsu  M, 
	Yoshida  H, 
	Kondo  M, 
	et al

. Entire hemithorax irradiation following complete resection in patients with stage II–III invasive thymoma. Int J Radiat Oncol Biol Phys 1996; 35: 357–360.
OpenUrlCrossRefPubMed


		Yoshida  H, 
	Uematsu  M, 
	Itami  J, 
	et al

. The role of low-dose hemithoracic radiotherapy for thoracic dissemination of thymoma. Radiat Med 1997; 15: 399–403.
OpenUrlPubMed


	↵	Sugie  C, 
	Shibamoto  Y, 
	Ikeya-Hashizume  C, 
	et al

. Invasive thymoma: postoperative mediastinal irradiation, and low-dose entire hemithorax irradiation in patients with pleural dissemination. J Thorac Oncol 2008; 3: 75–81.
OpenUrlCrossRefPubMed


	↵	Attaran  S, 
	Acharya  M, 
	Anderson  JR, 
	et al

. Does surgical debulking for advanced stages of thymoma improve survival? Interact Cardiovasc Thorac Surg 2012; 15: 494–497.
OpenUrlAbstract/FREE Full Text


	↵	Loehrer  PJ Sr, 
	Chen  M, 
	Kim  K, 
	et al

. Cisplatin, doxorubicin, and cyclophosphamide plus thoracic radiation therapy for limited-stage unresectable thymoma: an intergroup trial. J Clin Oncol 1997; 15: 3093–3099.
OpenUrlAbstract


	↵	Sur  RK, 
	Pacella  JA, 
	Donde  B, 
	et al

. Role of radiotherapy in stage III invasive thymomas. S Afr J Surg 1997; 35: 206–209.
OpenUrlPubMed


	↵	Kim  ES, 
	Putnam  JB, 
	Komaki  R, 
	et al

. Phase II study of a multidisciplinary approach with induction chemotherapy, followed by surgical resection, radiation therapy, and consolidation chemotherapy for unresectable malignant thymomas: final report. Lung Cancer 2004; 44: 369–379.
OpenUrlCrossRefPubMed


	↵	Attaran  S, 
	McCormack  D, 
	Pilling  J, 
	et al

. Which stages of thymoma benefit from adjuvant chemotherapy post-thymectomy? Interact Cardiovasc Thorac Surg 2012; 15: 273–275.
OpenUrlAbstract/FREE Full Text


	↵	Hernandez-Ilizaliturri  FJ, 
	Tan  D, 
	Cipolla  D, 
	et al

. Multimodality therapy for thymic carcinoma (TCA): results of a 30-year single-institution experience. Am J Clin Oncol 2004; 27: 68–72.
OpenUrlCrossRefPubMed


	↵	Kitami  A, 
	Suzuki  T, 
	Kamio  Y, 
	et al

. Chemotherapy of thymic carcinoma: analysis of seven cases and review of the literature. Jpn J Clin Oncol 2001; 31: 601–604.
OpenUrlAbstract/FREE Full Text


	↵	Macchiarini  P, 
	Chella  A, 
	Ducci  F, 
	et al

. Neoadjuvant chemotherapy, surgery, and postoperative radiation therapy for invasive thymoma. Cancer 1991; 68: 706–713.
OpenUrlCrossRefPubMed


		Berruti  A, 
	Borasio  P, 
	Roncari  A, 
	et al

. Neoadjuvant chemotherapy with adriamycin, cisplatin, vincristine and cyclophosphamide (ADOC) in invasive thymomas: results in six patients. Ann Oncol 1993; 4: 429–431.
OpenUrlAbstract/FREE Full Text


		Rea  F, 
	Sartori  F, 
	Loy  M, 
	et al

. Chemotherapy and operation for invasive thymoma. J Thorac Cardiovasc Surg 1993; 106: 543–549.
OpenUrlPubMed


		Berruti  A, 
	Borasio  P, 
	Gerbino  A, 
	et al

. Primary chemotherapy with adriamycin, cisplatin, vincristine and cyclophosphamide in locally advanced thymomas: a single institution experience. Br J Cancer 1999; 81: 841–845.
OpenUrlCrossRefPubMed


		Venuta  F, 
	Rendina  EA, 
	Longo  F, 
	et al

. Long-term outcome after multimodality treatment for stage III thymic tumors. Ann Thorac Surg 2003; 76: 1866–1872.
OpenUrlCrossRefPubMed


		Bretti  S, 
	Berruti  A, 
	Loddo  C, 
	et al

. Multimodal management of stages III–IVa malignant thymoma. Lung Cancer 2004; 44: 69–77.
OpenUrlCrossRefPubMed


		Lucchi  M, 
	Ambrogi  MC, 
	Duranti  L, 
	et al

. Advanced stage thymomas and thymic carcinomas: results of multimodality treatments. Ann Thorac Surg 2005; 79: 1840–1844.
OpenUrlCrossRefPubMed


		Jacot  W, 
	Quantin  X, 
	Valette  S, 
	et al

. Multimodality treatment program in invasive thymic epithelial tumor. Am J Clin Oncol 2005; 28: 5–7.
OpenUrlCrossRefPubMed


		Yokoi  K, 
	Matsuguma  H, 
	Nakahara  R, 
	et al

. Multidisciplinary treatment for advanced invasive thymoma with cisplatin, doxorubicin, and methylprednisolone. J Thorac Oncol 2007; 2: 73–78.
OpenUrlCrossRefPubMed


		Kunitoh  H, 
	Tamura  T, 
	Shibata  T, 
	et al

. A phase II trial of dose-dense chemotherapy, followed by surgical resection and/or thoracic radiotherapy, in locally advanced thymoma: report of a Japan Clinical Oncology Group trial (JCOG 9606). Br J Cancer 2010; 103: 6–11.
OpenUrlCrossRefPubMed


	↵	Park  S, 
	Park  K, 
	Ahn  M, 
	et al

. A prospective phase II trial of induction chemotherapy with docetaxel cisplatin for Masaoka stage III/IV thymic epithelial tumors. J Clin Oncol 2012; 30: Suppl., 7104.
OpenUrl


	↵	Craven  C, 
	Reddy  PK, 
	Ringel  SP, 
	et al

. Effect of corticosteroids on the thymus in myasthenia gravis. Muscle Nerve 1981; 4: 425–428.
OpenUrlCrossRefPubMed


	↵	Bonomi  PD, 
	Finkelstein  D, 
	Aisner  S, 
	et al

. EST 2582 phase II trial of cisplatin in metastatic or recurrent thymoma. Am J Clin Oncol 1993; 16: 342–345.
OpenUrlPubMed


		Highley  MS, 
	Underhill  CR, 
	Parnis  FX, 
	et al

. Treatment of invasive thymoma with single-agent ifosfamide. J Clin Oncol 1999; 17: 2737–2744.
OpenUrlAbstract/FREE Full Text


	↵	Loehrer  PJ, 
	Yiannoutsos  CT, 
	Dropcho  S, 
	et al

. A phase II trial of pemetrexed in patients with recurrent thymoma or thymic carcinoma. J Clin Oncol 2006; 24: 7079.
OpenUrl


		Fornasiero  A, 
	Daniele  O, 
	Ghiotto  C, 
	et al

. Chemotherapy of invasive thymoma. J Clin Oncol 1990; 8: 1419–1423.
OpenUrlAbstract


		Loehrer  PJ Sr, 
	Kim  K, 
	Aisner  SC, 
	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: 1164–1168.
OpenUrlAbstract/FREE Full Text


		Giaccone  G, 
	Ardizzoni  A, 
	Kirkpatrick  A, 
	et al

. 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: 814–820.
OpenUrlAbstract/FREE Full Text


		Loehrer  PJ Sr, 
	Jiroutek  M, 
	Aisner  S, 
	et al

. Combined etoposide, ifosfamide, and cisplatin in the treatment of patients with advanced thymoma and thymic carcinoma: an intergroup trial. Cancer 2001; 91: 2010–2015.
OpenUrlCrossRefPubMed


	↵	Lemma  GL, 
	Lee  JW, 
	Aisner  SC, 
	et al

. Phase II study of carboplatin and paclitaxel in advanced thymoma and thymic carcinoma. J Clin Oncol 2011; 29: 2060–2065.
OpenUrlAbstract/FREE Full Text


		Palmieri  G, 
	Merola  G, 
	Federico  P, 
	et al

. Preliminary results of phase II study of capecitabine and gemcitabine (CAP-GEM) in patients with metastatic pretreated thymic epithelial tumors (TETs). Ann Oncol 2010; 21: 1168–1172.
OpenUrlAbstract/FREE Full Text


	↵	Okuma  Y, 
	Hosomi  Y, 
	Takagi  Y, 
	et al

. Cisplatin and irinotecan combination chemotherapy for advanced thymic carcinoma: evaluation of efficacy and toxicity. Lung Cancer 2011; 74: 492–496.
OpenUrlCrossRefPubMed


	↵	Lara  PN  Jr., 
	Bonomi  PD, 
	Faber  LP

. Retreatment of recurrent invasive thymoma with platinum, doxorubicin, and cyclophosphamide. Chest 1996; 110: 1115–1117.
OpenUrlCrossRefPubMed


	↵	Lucchi  M, 
	Mussi  A

. Surgical treatment of recurrent thymomas. J Thorac Oncol 2010; 5: Suppl. 4, S348–S351.
OpenUrlCrossRefPubMed


	↵	Huang  J, 
	Rizk  NP, 
	Travis  WD, 
	et al

. Comparison of patterns of relapse in thymic carcinoma and thymoma. J Thorac Cardiovasc Surg 2009; 138: 26–31.
OpenUrlCrossRefPubMed


		Bae  MK, 
	Byun  CS, 
	Lee  CY, 
	et al

. Clinical outcomes and prognosis of recurrent thymoma management. J Thorac Oncol 2012; 7: 1304–1314.
OpenUrlCrossRefPubMed


		Hamaji  M, 
	Allen  MS, 
	Cassivi  SD, 
	et al

. The role of surgical management in recurrent thymic tumors. Ann Thorac Surg 2012; 94: 247–254.
OpenUrlCrossRefPubMed


	↵	Bott  MJ, 
	Wang  H, 
	Travis  W, 
	et al

. Management and outcomes of relapse after treatment for thymoma and thymic carcinoma. Ann Thorac Surg 2011; 92: 1984–1991.
OpenUrlCrossRefPubMed


	↵	Loehrer  PJ Sr, 
	Wang  W, 
	Johnson  DH, 
	et al

. Octreotide alone or with prednisone in patients with advanced thymoma and thymic carcinoma: an Eastern Cooperative Oncology Group Phase II Trial. J Clin Oncol 2004; 22: 293–299.
OpenUrlAbstract/FREE Full Text


		Palmieri  G, 
	Montella  L, 
	Martignetti  A, 
	et al

. Somatostatin analogs and prednisone in advanced refractory thymic tumors. Cancer 2002; 94: 1414–1420.
OpenUrlCrossRefPubMed


	↵	Schalke  B, 
	Boy  S, 
	Hofmann  HS, 
	et al

. Neoadjuvant treatment of primary inoperable or local recurrent thymoma with octreotide LAR to improve tumor resectability. J Clin Oncol 2012; 30: Suppl., 7105.
OpenUrl


	↵	Girard  N, 
	Teruya-Feldstein  J, 
	Payabyab  EC, 
	et al

. Insulin-like growth factor-1 receptor expression in thymic malignancies. J Thorac Oncol 2010; 5: 1439–1446.
OpenUrlCrossRefPubMed


	↵	Kuhn  E, 
	Wistuba  II

. Molecular pathology of thymic epithelial neoplasms. Hematol Oncol Clin North Am 2008; 22: 443–455.
OpenUrlCrossRefPubMed


	↵	Henley  JD, 
	Cummings  OW, 
	Loehrer  PJ Sr

. Tyrosine kinase receptor expression in thymomas. J Cancer Res Clin Oncol 2004; 130: 222–224.
OpenUrlCrossRefPubMed


	↵	Ströbel  P, 
	Hartmann  M, 
	Jakob  A, 
	et al

. Thymic carcinoma with overexpression of mutated KIT and the response to imatinib. N Engl J Med 2004; 350: 2625–2626.
OpenUrlCrossRefPubMed


		Li  XF, 
	Chen  Q, 
	Huang  WX, 
	et al

. Response to sorafenib in cisplatin-resistant thymic carcinoma: a case report. Med Oncol 2009; 26: 157–160.
OpenUrlCrossRefPubMed


		Bisagni  G, 
	Rossi  G, 
	Cavazza  A, 
	et al

. Long lasting response to the multikinase inhibitor bay 43–9006 (Sorafenib) in a heavily pretreated metastatic thymic carcinoma. J Thorac Oncol 2009; 4: 773–775.
OpenUrlCrossRefPubMed


		Dişel  U, 
	Oztuzcu  S, 
	Beşen  AA, 
	et al

. Promising efficacy of sorafenib in a relapsed thymic carcinoma with C-KIT exon 11 deletion mutation. Lung Cancer 2011; 71: 109–112.
OpenUrlCrossRefPubMed


		Buti  S, 
	Donini  M, 
	Sergio  P, 
	et al

. Impressive response with imatinib in a heavily pretreated patient with metastatic c-KIT mutated thymic carcinoma. J Clin Oncol 2011; 29: e803–e805.
OpenUrlFREE Full Text


	↵	Schirosi  L, 
	Nannini  N, 
	Nicoli  D, 
	et al

. Activating c-KIT mutations in a subset of thymic carcinoma and response to different c-KIT inhibitors. Ann Oncol 2012; 23: 2409–2414.
OpenUrlAbstract/FREE Full Text


	↵	Palmieri  G, 
	Marino  M, 
	Buonerba  C, 
	et al

. Imatinib mesylate in thymic epithelial malignancies. Cancer Chemother Pharmacol 2012; 69: 309–315.
OpenUrlCrossRefPubMed


	↵	Giaccone  G, 
	Rajan  A, 
	Ruijter  R, 
	et al

. Imatinib mesylate in patients with WHO B3 thymomas and thymic carcinomas. J Thorac Oncol 2009; 4: 1270–1273.
OpenUrlCrossRefPubMed


	↵	Salter  JT, 
	Lewis  D, 
	Yiannoutsos  C, 
	et al

. Imatinib for the treatment of thymic carcinoma. J Clin Oncol 2008; 26: 8116.
OpenUrl


	↵	Cimpean  AM, 
	Raica  M, 
	Encica  S, 
	et al

. Immunohistochemical expression of vascular endothelial growth factor A (VEGF), and its receptors (VEGFR1, 2) in normal and pathologic conditions of the human thymus. Ann Anat 2008; 190: 238–245.
OpenUrlCrossRefPubMed


	↵	Marino  M, 
	Piantelli  M

. Immunohistochemistry of thymic epithelial tumors as a tool in translational research. J Thorac Surg Clin 2011; 21: 33–46.
OpenUrlCrossRef


	↵	Tomita  M, 
	Matsuzaki  Y, 
	Edagawa  M, 
	et al

. Correlation between tumor angiogenesis and invasiveness in thymic epithelial tumors. J Thorac Cardiovasc Surg 2002; 124: 493–498.
OpenUrlCrossRefPubMed


	↵	Bedano  PM, 
	Perkins  S, 
	Burns  M, 
	et al

. A phase II trial of erlotinib plus bevacizumab in patients with recurrent thymoma or thymic carcinoma. J Clin Oncol 2008; 26: Suppl., 19087.
OpenUrl


	↵	Isambert  N, 
	Freyer  G, 
	Zanetta  S, 
	et al

. A phase I dose escalation and pharmacokinetic (PK) study of intravenous aflibercept (VEGF trap) plus docetaxel (D) in patients (pts) with advanced solid tumors: preliminary results. J Clin Oncol 2008; 26: Suppl., 3599.
OpenUrl


	↵	Chuah  C, 
	Lim  TH, 
	Lim  AS, 
	et al

. Dasatinib induces a response in malignant thymoma. J Clin Oncol 2006; 24: e56–e58.
OpenUrlFREE Full Text


	↵	Ströbel  P, 
	Bargou  R, 
	Wolff  A, 
	et al

. Sunitinib in metastatic thymic carcinomas: laboratory findings and initial clinical experience. Br J Cancer 2010; 103: 196–200.
OpenUrlCrossRefPubMed


	↵	Azad  A, 
	Herbertson  RA, 
	Pook  D, 
	et al

. Motesanib diphosphate (AMG 706), an oral angiogenesis inhibitor, demonstrates clinical efficacy in advanced thymoma. Acta Oncol 2009; 48: 619–621.
OpenUrlCrossRefPubMed


	↵	Giaccone  G, 
	Rajan  A, 
	Berman  A, 
	et al

. Phase II study of belinostat in patients with recurrent or refractory advanced thymic epithelial tumors. J Clin Oncol 2011; 29: 2052–2059.
OpenUrlAbstract/FREE Full Text


	↵	Rajan  A, 
	Berman  AW, 
	Kelly  RJ, 
	et al

. Phase II study of the insulin-like growth factor-1 receptor (IGF-1R) antibody cixutumumab (C) in patients (pts) with thymoma (T) and thymic carcinoma (TC). J Clin Oncol 2010; 28: Suppl., e17525.
OpenUrl






View Abstract
  


  
  



  
      
  
  
    
  


  
  



  





  


  
  



  
      
  
  
     PreviousNext 
  


  
  



  
      
  
  
     Back to top  


  
  



			

		

		
		
			
			  
  
      
  
  
    View this article with LENS
  


  
  



  
      
  
  
    
	  
		
		
			
			  
  
      
  
  
    Vol 22 Issue 127
 Table of Contents  


  
  



			

		

	
	
 	
	  
  
		
          
            

          

        

        
        
          
            
  
      
  
  
    	Table of Contents
	Table of Contents (PDF)
	Cover (PDF)
	Index by author

  


  
  



          

        

	
 	
	
	


  


  
  



  
      
  
  
    
	  
  
		
          
            
  
      
  
  
     Email

  
    
  
      
  
  
    
 Thank you for your interest in spreading the word on European Respiratory Society .
NOTE: We only request your email address so that the person you are recommending the page to knows that you wanted them to see it, and that it is not junk mail. We do not capture any email address.




  Your Email *
 



  Your Name *
 



  Send To *
 

Enter multiple addresses on separate lines or separate them with commas.




  You are going to email the following 
 Thymic epithelial tumours: from basic principles to individualised treatment strategies



  Message Subject 
 (Your Name) has sent you a message from European Respiratory Society 



  Message Body 
 (Your Name) thought you would like to see the European Respiratory Society  web site.



  Your Personal Message 
 








CAPTCHAThis question is for testing whether or not you are a human visitor and to prevent automated spam submissions.










  


  
  



  





  


  
  



  
      
  
  
     Print  


  
  



  
      
  
  
     Citation Tools

  
    
  
      
  
  
      
  
      
  
  
  
  
      Thymic epithelial tumours: from basic principles to individualised treatment strategies
  
    	Nicolas Girard

  
    	European Respiratory Review Mar 2013, 22 (127) 75-87; DOI: 10.1183/09059180.00007312 

  
  
  



  

  
  	      Citation Manager Formats

        
      	BibTeX
	Bookends
	EasyBib
	EndNote (tagged)
	EndNote 8 (xml)
	Medlars
	Mendeley
	Papers
	RefWorks Tagged
	Ref Manager
	RIS
	Zotero

    

  



  


  
  



  





  


  
  



          

        

        
        
          
            
  
        

    
  
  
    
  


  
  



  
      
  
  
     Share  


  
  



  
      
  
  
    


		  
		  
  
      
  
  
    
  
  
  
  
      Thymic epithelial tumours: from basic principles to individualised treatment strategies
  
    	Nicolas Girard

  
    	European Respiratory Review Mar 2013, 22 (127) 75-87; DOI: 10.1183/09059180.00007312 

  
  
  



  


  
  



	  

	
  
  	
  
      
  
  
    
  
    Share This Article:
  
  
    
  
  
    Copy
  


  


  
  



  

	
		  
	    
  
      
  
  
             
  


  
  



	  

	


  


  
  



  
      
  
  
     Full Text (PDF)  


  
  



          

        

	
 	
	
	


  


  
  



  
        Jump To

    
  
  
    	Article	Abstract
	OVERVIEW OF TREATMENT STRATEGY
	SURGERY PRINCIPLES
	SURGICAL PATHOLOGY RECOMMENDATIONS
	RADIOTHERAPY PRINCIPLES
	CHEMOTHERAPY PRINCIPLES
	TARGETED THERAPIES
	Footnotes
	REFERENCES



	Figures & Data
	Info & Metrics
	 PDF



  


  
  



  
      
  
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  


  
  



  
      
  
  
    
  
    
  
      
  
  
    


  



  


  
  



  



  


  
  



  
        Subjects

    
  
  
    	Lung cancer




  


  
  



  
      
  
  
    	Tweet Widget
	Facebook Like
	Google Plus One



  


  
  



  
      
  
  
    
  
    More in this TOC Section
	
  PH associated with left heart disease




	
  Pulmonary veno-occlusive disease: illustrative cases and literature review




	
  Clinical–radiological–pathological correlation in PAH






Show more Series

 Related Articles





  



  


  
  



  
      
  
  
    
  
      
  
    
  




  


  
  



			

		

	
	
 	
	
	


    

  


      


  

    
  
      
    
  
    
  
    
  
              Navigate

            
    
      	Home
	Current issue
	Archive

    

  


  
              About the ERR

            
    
      	Journal information
	Editorial board
	Press
	Permissions and reprints
	Advertising
	Sponsorship

    

  

  



  
    
  
              The European Respiratory Society

            
    
      	Society home
	myERS
	Privacy policy
	Accessibility

    

  


  
              ERS publications

            
    
      	European Respiratory Journal
	ERJ Open Research
	European Respiratory Review
	Breathe
	ERS books online
	ERS Bookshop

    

  


  
              Help

            
    
      	Feedback

    

  

  



  
    
  
              For authors

            
    
      	Instructions for authors
	Publication ethics and malpractice
	Submit a manuscript

    

  


  
              For readers

            
    
      	Alerts
	Subjects
	RSS

    

  


  
              Subscriptions

            
    
      	Accessing the ERS publications

    

  

  



  
    
  
                
    
      

    

  



  
                
    
      


  

  
        Contact us

    
  
  
    
  
      
  
    European Respiratory Society
442 Glossop Road
Sheffield S10 2PX
United Kingdom
Tel: +44 114 2672860
Email: journals@ersnet.org
  




  


  
  

  







    

  



  
              ISSN

            
    
      Print ISSN: 0905-9180

Online ISSN: 1600-0617

    

  

  


  

  
  
    
  
    
  
                
    
      
  
    
  
      
  
  
    
  
      
  
    Copyright © 2024 by the European Respiratory Society
  




  


  
  



  



    

  


  


  

  
    
  
      











  