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Introduction

Thymic malignancies, while rare, are the most common 
primary tumors of the anterior mediastinum in adults with 
an incidence of approximately 3.2 per 1,000,000 people (1). 
Epithelial tumors of the thymus appear in a wide range of 
histologic subtypes. The three large categories are thymoma 
as being the most common of them (2); thymic carcinomas 
(TC), the most aggressive form of thymic epithelial tumors; 

and the even rarer thymic carcinoids or neuroendocrine 
tumors of the thymus (NETT). 

Thymoma and TC are divided into a number of different 
histologic subtypes. The World Health Organization (WHO) 
Histologic Classification System, which has been introduced 
in 2004 (3) and revised in 2014 (4), describes in detail the 
different histologic subtypes. Based on the morphologic 
appearance of the tumor, thymoma of types A, AB, B1, B2, 
B3 and TC (previously referred to as thymoma type C) are 
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distinguished. Depending on the histologic subtype the 
clinical presentation and prognosis of thymic malignancies 
can vary dramatically. While thymoma may take an indolent, 
non-invasive course, TCs and TNET have a much higher 
aggressive biology with metastatic potential (5). 

For the anatomical staging of thymic malignancies, a 
number of different systems exist. The Masaoka-Koga 
system, which was developed by Masaoka and colleagues 
in 1981 (6), and revised in 1994 (7) by Koga and colleagues 
has to date been the most commonly used staging system 
due to its prognostic significance (8,9) and is based on the 
local micro- and/or macroscopic invasion of the tumor 
and the presence of lymphogenous or hematogenous 
spread. The International Thymic Malignancies Interest 
Group (ITMIG) and the Thymic Domain of the Staging 
and Prognostic Factors Committee (TD-SPFC) of the 
International Association for the Study of Lung Cancer 
(IASLC) in conjunction with AJCC has developed a 
traditional tumor, nodes, metastasis (TNM) system, as used 
in many other solid tumors which has been introduced in 

the 8th version of the AJCC staging system. Especially the T 
component of the new TNM system has similarities to the 
Masaoka-Koga system and describes the tumor’s extension 
into the adjacent organs. The TNM system also contains 
differences from the Masaoka-Koga system. For example, 
the distinction of whether the tumor is encapsulated or 
invaded through the capsule into the mediastinal fat or 
mediastinal pleura has been dismissed, as no clinically 
significant difference in outcomes could be detected and 
the difficulty in determining the capsule (10) (Table 1). 
However, this may also be in part due to a lack of statistical 
power, uniformity in pathologic and surgical description 
and availability of this level of granularity in the ITMIG/
IASLC database.

To date, the optimal treatment of thymic malignancies 
remains based on retrospective studies and population-
based analyses and general oncologic principles. Due to 
the rarity of the disease, there is a lack of randomized, 
prospective trials to back evidence-based guidelines. 

ITMIG was founded to overcome the disagreements 

Table 1 Comparison between the modified Masaoka staging system (7) and the tumor, nodes, metastasis (TNM) based staging system for thymic 
epithelial tumors included in the AJCC 8th edition cancer staging manual (11-13)

Descriptors Modified Masaoka clinical staging of thymoma 8th edition of the AJCC staging system

Encapsulation I—macroscopically and microscopically 
completely encapsulated

T1a—encapsulated or unencapsulated, with or without 
extension into mediastinal fat

Involvement beyond 
capsule

IIA—microscopic transcapsular invasion T1a—encapsulated or unencapsulated, with or without 
extension into mediastinal fat

IIB—macroscopic invasion into surrounding 
fatty tissue or grossly adherent to but not 
through mediastinal pleura or pericardium

T1b—involvement of mediastinal pleura

Involvement of pleura, 
pericardium, great 
vessels or neighboring 
organs

III—macroscopic invasion into neighboring 
organs (i.e., pericardium, great vessels, or lung)

T2—involvement of pericardium

T3—involvement of lung, brachiocephalic vein, superior vena 
cava, chest wall, phrenic nerve, chest wall, hilar (extrapericardial) 
pulmonary vessels

T4—involvement of aorta, arch vessels, main pulmonary artery, 
myocardium, trachea, or esophagus

Nodal involvement IVB—lymphogenous or hematogenous 
metastasis

N0—no nodal involvement

N1—anterior (perithymic) nodes

N2—deep intrathoracic or cervical nodes

Metastatic spread IVA—pleural or pericardial dissemination M0—no metastatic disease

IVB—lymphogenous or hematogenous 
metastasis

M1a—separate pleural or pericardial nodule(s)

M1b—pulmonary intraparenchymal nodule or distant organ 
metastasis
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and promote international collaboration in clinical and 
translational research on thymic malignancies. This 
multidisciplinary society has brought together experts from 
surgical, medical, radiation oncology, and neurology as 
clinical disciplines, as well as pathologists, radiologists, and 
basic researchers and aims to accelerate research on this 
rare orphan disease. Most importantly the first publications 
from this group focused on the development of agreed 
upon guidelines for diagnostic workup, staging, and clinical 
management (4,10,13-18). 

One of these included specific radiation therapy 
(RT) definitions and uniform reporting guidelines (17), 
another one the creation of an international database for 
the investigation of clinical issues important to thymic 
malignancies that existing population-based registries often 
lack, including histology, treatment, prognosis, autoimmune 
disease, and second malignancies (18). Using the ITMIG 
guidelines and database, recent studies analyzed clearly 
defined subgroups of thymic malignancy patients, e.g., 
to assess if post-operative RT (PORT) is associated with 
a survival benefit in patients with completely resected 
thymoma stages II and III (19).

It is generally agreed upon that surgical resection 
is the backbone in the treatment of resectable thymic 
malignancies, and complete resection can cure early-
staged localized thymomas (stage I) without any additional 
adjuvant treatment. In more advanced stages of disease 
(stage II or higher), with aggressive histologic subtypes or 
incomplete resections, the optimal neoadjuvant or adjuvant 
approach remains unclear.

Novel techniques, such as IMRT or proton beam RT, 
may reduce long-term radiation toxicity and thereby 
favorably shift the risk-benefit ratio of RT. Radiation 
techniques that have been developed for other thoracic 
malignancies, such as hemithoracic intensity modulated 
pleural RT (IMPRINT) might be potential options to 
prevent intrapleural failures. However, they have not yet 
been formally tested in this patient population. Moreover, 
medical treatment options, such as targeted therapy or the 
use of heated intrapleural chemotherapy, may be combined 
with surgery and RT in the future for multimodal treatment 
plans that further improve outcomes.

The role of postoperative RT (PORT)

Thymoma

Areas of agreement in the management of thymoma 

along with some of controversy were shown in a survey 
amongst members of the European Society of Thoracic 
Surgeons (ESTS) (20). While there was general consensus 
concerning the importance of complete resection and 
a multidisciplinary treatment approach, postoperative 
treatment for stage II thymoma and stage III thymoma were 
the most controversial issues. In stage II thymoma 60% 
of the surveyed centers consider PORT, while 40% of the 
centers stated that they do not use PORT. However, most 
of the center that administer PORT in stage II thymoma 
stated, that they raise the indication on an individual 
basis, depending on the histologic subtype, completeness 
of resection and subdivision of stage II according to the 
Masaoka-Koga staging system into stage IIA and IIB.

The disagreement found among the ESTS members 
echoes the debates and conflicting data in the literature. 
This might be in part because of the rarity of the disease 
that makes it hard to conduct prospective trials that could 
lead to level I evidence. Besides that, the results of some 
studies on thymoma are inconclusive because heterogeneous 
cohorts are analyzed. For example, combining stage I 
patients, that have pretty consistently been shown not to 
benefit from PORT, with more advanced stages might 
obscure an effect of PORT (21). Even when combining 
only stages II and III the heterogeneity of the cohort might 
make it hard to draw meaningful conclusions (22). When 
analyzing incompletely resected patients, the fraction of 
patients that have only microscopically residual disease 
(R1) in relation to those having macroscopically visible 
residual disease (R2) might also influence the results. 
Patients with gross residual disease after surgery might have 
more advanced tumors or a histologically more aggressive 
subtype. There might often be certain patterns that lead to 
more patients with adverse high-risk tumor characteristics 
or suboptimal surgical management such as incomplete 
resections being referred for PORT (23,24). If despite 
such imbalances of unfavorable characteristics, the overall 
survival (OS) of patients receiving PORT and those who 
only undergo surgery is similar this might indicate that 
PORT was effective at reducing the risk of recurrence 
in patients with incomplete resection to a level that is 
comparable to those of patients with completely resected 
thymoma (24). Some population-based databases also 
lack essential patient characteristics that might influence 
their outcome. There might be no distinction between 
thymoma and TC, or the different histologic subtypes of 
thymoma that might possibly respond differently to RT. 
The outcome measures reported are of major importance 
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as well to ensure comparability between studies and not 
miss the efficacy of a treatment. For example, reporting OS 
might be insufficient when analyzing thymoma patients. 
ITMIG recommends recurrence-free survival (RFS), time-
to-progression and OS rates at 5 and 10 years for studying 
the outcomes of thymic malignancy (14). The National 
Comprehensive Cancer Center (NCCC) acknowledges 
the limited data currently available and recommends 
“considering” PORT in completely resected thymoma with 
no differentiation between stages II to IV, with a category 
2B recommendation. Despite the limitations of many 
studies on thymoma, trends can be observed that provide a 
basis for recommendations by stage, especially taking into 
account the most recent publications that analyze clean and 
well-defined groups of patients.

In stage I thymoma, excellent local control (LC) rates after 
surgery have been consistently shown in several studies, thus 
there is no indication for PORT in this setting (25-27).

For incompletely resected stage II thymoma patients it 
is intuitive and widespread practice to offer adjuvant RT 
to prevent local recurrence and improve their survival. 
With R0 resection many series report recurrence rates of 
<10% with or without adjuvant treatment (28-31). Still, 
there is increasing evidence for PORT even in completely 
resected stage II disease. Studies from the Surveillance, 
Epidemiology, and End Results (SEER) databases showed 
that the subgroup of patients with stage IIB (macroscopic 
capsular invasion), but not those with stage IIA (microscopic 
transcapsular invasion), thymoma had a non-significant 
trend towards improved OS with the addition of PORT (27). 
A recent analysis of the National Cancer Database (NCDB) 
also showed an OS benefit from adjuvant RT for completely 
resected stage IIB thymoma patients (32). These findings 
align well with a study of the ITMIG database, which might 
provide the strongest evidence to date supporting the use of 
PORT in stage II thymoma even if completely resected (19). 
The 5- and 10-year overall survival rates for patients having 
undergone an operation plus PORT versus an operation 
alone were 97% and 91% versus 93% and 83%, respectively 
(P=0.02). Taken together, especially the latest studies, that 
examined large and well-defined cohort of patients, may 
provide sufficient power to detect a survival benefit from 
PORT and support its use in thymoma of stages IIB even 
in completely resected patients, while for IIA thymoma a 
benefit from PORT is not entirely clear.

For stage III disease, there is a more apparent benefit 
from PORT and it appears to be greater than in stage II (19).  
Increased rates of local failure after surgery alone have been 

reported in many studies and outcomes improved with 
PORT. For example, one SEER analysis found a median 
overall survival rate of 97 months with surgery + PORT, 
compared to 76 months with surgery alone in patients with 
stages III–IV disease (27). Another study demonstrated 
approximately a 10% benefit in 5-year cumulative survival 
for resected stage III thymoma with the addition of PORT 
to surgical resection, from 65% to 75% (33). A survival 
advantage from PORT for stage III patients has also 
consistently been described in the recent ITMIG and 
NCDB publications (19,32). Completely resected stage 
III thymoma treated with operation plus PORT versus 
an operation alone had 5- and 10-year OS rates of 92% 
and 79% versus 76% and 64%, respectively (P=0.0005) 
in the ITMIG study (19). Common approaches that have 
demonstrated high levels of disease control in stage III 
thymoma include neoadjuvant chemotherapy, followed by 
surgery, and then adjuvant RT (34-36). 

If tolerable, aggressive multimodality treatment including 
neoadjuvant chemotherapy, surgery and adjuvant RT can be 
considered in patients with localized stage IVA thymoma to 
improve their survival, although the benefit seems to be less 
pronounced than in stage III (36).

The impact of histologic subtypes of thymoma on the 
benefit from PORT in patients is far less clear. While the 
most recent ITMIG study suggests that WHO type B1, 
B2, B3 profit more from PORT (19), two NCDB studies 
demonstrate a greater benefit for the less aggressive 
WHO type A and AB (22,32). This is somewhat contrary 
to the generally held belief that the subtypes with a more 
aggressive disease course are more likely to benefit from 
additional adjuvant RT. Given the rarity of tumor-specific-
death, excellent long-term survival and higher median age 
of patients with WHO type A and AB tumors compared 
to those who have more aggressive WHO types B1, B2, 
B3 a benefit from PORT might have been obscured by 
solely observing OS, especially at an early stage of disease 
(3,37). Still, future studies will have to determine how much 
histologic thymoma subtype should influence treatment 
decisions. 

Thymic carcinoma and NETT

A survey amongst ITMIG members to find out about 
management practices in the treatment of TC showed that 
among the areas of the largest controversy were the optimal 
adjuvant treatment for completely resected TC of stages II 
and III (38). The resulting variability in the treatment of 
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TC was also confirmed in a survey of ESTS members (20). 
Half the participating centers reported to treat TC similarly 
to thymoma of other histologic subtypes, whereas the 
remaining half stated that they use a completely different 
approach. This shows that even though the WHO histology 
classification and the Masaoka staging system are widely 
accepted among the institutions, they do not uniformly 
impact treatment modalities.

To uncover treatment patterns of TC patients that are 
associated with OS or RFS the ITMIG and the ESTS 
databases were analyzed (39). Patients receiving PORT 
had an improved OS compared with those who do not 
receive RT. In addition, a survival benefit from complete 
(R0) resection status was found. An analysis of the Japanese 
Association for Research on the Thymus (JART) database 
that included TC cases only in stages II and III aimed to 
assess the impact of PORT (23). PORT only improved RFS 
but not OS of stages II and III TC patients. RFS might 
however be the more accurate measurement for a benefit 
from PORT than OS in this series, as the treatment after 
the relapse of TC varies widely among institutions that 
were analyzed. Regardless of stage and resection status, a 
multimodality treatment approach for TC is recommended, 
combining neoadjuvant chemotherapy, aggressive surgical 
resection and PORT (40). The magnitude of the effect 
from PORT in different stages of disease has yet to be 
quantified. As outcomes are still suboptimal for TC and 
distant metastases more common than in thymoma, studies 
examining novel systemic therapies are needed (36).

Concerning NETT specifically, an analysis of the 
ITMIG and ESTS databases revealed that RT was part of 
the treatment in 39.5% of the TNET patients, the vast 
majority of these cases being PORT (87%) (41). Most data 
on the treatment of NETT are derived from case reports 
or small case series. The largest study the ITMIG and 
ESTS databases failed to demonstrate any survival benefit 
from PORT (41). Once again, complete surgical resection 
was associated with improved survival. However, given the 
extremely limited number of NETT cases and the fact that 
data from almost three decades have been evaluated, the 
role of RT in this setting is far from clear and should be 
evaluated in future prospective studies.

Neoadjuvant and definitive RT for locally 
advanced disease

Only a minority of thymic malignancies present at a 
locally advanced stage (III or IVA). However, the difficulty 

to achieve complete resection in these cases sometimes 
hampers a treatment approach that is primarily based on 
surgery. Possible options to improve respectability and 
outcomes include neoadjuvant induction or definitive 
RT, chemotherapy or a combination of both. Only 4% of 
thymic malignancy patients undergo neoadjuvant treatment 
(chemotherapy, RT or chemoradiation) prior to surgery, 
data on the efficacy of RT in this setting are therefore more 
scare than for adjuvant RT (42).

A cohort of 22 patients with locally advanced thymoma 
and TC (stage III and IV) has been analyzed prospectively 
to assess the efficacy of neoadjuvant chemoradiation 
therapy (CRT) and define specific radiographic criteria to 
preoperatively detect high risk patients, who might profit 
most from additional neoadjuvant treatment (43). The 
exact extent of the disease and the histology subtype (TC or 
thymoma) might significantly influence a patient’s risk for 
incomplete resection or local recurrence. However, as the 
Masaoka staging system relies on resection and pathologic 
findings, it remains challenging to stage patients as locally-
advanced preoperatively. Consistent inclusion criteria for 
studies on neoadjuvant treatment have therefore been 
lacking. The authors used computed tomography findings 
such as large tumor size, irregular borders, heterogeneous 
appearance, ectopic calcification, obvious great vessel or 
adjacent organ invasion and/or encirclement, and high 
SUVmax on positron emission tomography to determine 
a subset of high-risk patients, who were believed to be 
locally advanced (III and IV) or have a more aggressive 
histologic subtype (TC or thymoma WHO type B3). 
Only patients that were deemed high-risk by radiographic 
criteria were included in the study and assessed for the 
efficacy of neoadjuvant CRT. Postoperatively, the patients’ 
actual pathologic stage and the histologic subtype were 
determined and compared to the preoperative radiographic 
findings. The radiographic high-risk criteria were able 
to identify patients who ultimately had locally advanced 
tumors and high-risk histologic types and might thus guide 
decisions for additional preoperative treatment. After 
neoadjuvant concurrent CRT (CCRT), microscopically 
complete resection (R0) could be achieved in the vast 
majority (77%) of patients and no patient who underwent a 
complete resection experienced recurrence. The OS benefit 
was bigger for patients that could be downstaged compared 
to those whose stage remained unchanged after induction 
CRT. The response rate to neoadjuvant CRT was greater 
in TC than it was in thymoma. Induction CRT might 
therefore be a viable option to achieve complete resection 
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in patients with locally advanced and highly aggressive 
tumors and thereby potentially improve their survival. The 
appropriate identification of high-risk patients for induction 
treatment might be worth further investigation.

In patients with locally advanced thymoma and TC 
(stages III and IV) who undergo a definitive nonsurgical 
treatment, CCRT provided the biggest improvement of 
both tumor response and OS compared to subsequent 
chemotherapy and RT (SCRT) or  RT alone in a 
retrospective single-institution study (44). The overall 
response rate after CCRT was 87.7%, compared to 50% 
and 43.8%, after SCRT and RT alone, respectively. These 
findings indicate that even patients with advanced disease 
for whom surgery is not feasible might benefit from 
nonsurgical treatment, such as CCRT.

Novel approaches in RT

The best currently available studies on the impact of RT 
in thymic malignancies to date are based on the analysis of 
large, retrospective, multi-institutional databases. Common 
limitations to such studies are the inability to control for 
selection bias, variation in institutional standards for RT, 
variation of diagnostic imaging techniques and staging 
evaluations, and variation regarding RT field design, doses 
and applied techniques, all of which make it difficult to 
compare studies. Moreover, as the data have been acquired 
over a period of sometimes more than two decades and RT 
has been rapidly evolving, patients have likely been treated 
with different RT techniques, ranging from conventional 
RT to three-dimensional conformal RT (3D-CRT) or 
modern IMRT (45). The implementation of modern, more 
conformal RT techniques and on-board imaging techniques 
might have a significant influence on the safety and 
precision of RT delivery, as has been shown in other types 
of cancer (46-48). The impact of IMRT and other novel 
techniques such as proton beam therapy (PBT), optimal 
dosing and radiation field design have yet to be accounted 
for in future prospective studies.

A detailed analysis on failure patterns and radiation 
treatment fields applied the ITMIG reporting guidelines 
in 156 thymoma patients in stages II to IV and revealed 
recurrence in the pleura as the most common pattern 
of failure, occurring in approximately one quarter of  
patients (49). The majority of patients with pleural failures 
had stage IV thymoma at diagnosis and thus was at a higher 
inherent risk for pleural recurrences. As the only marginal 
recurrence in the study occurred in a patient treated with 

3D-CRT and all but one locoregional failure occurred in 
the pleura, far outside the radiation field, their findings 
indicated that the margins applied by the institutions and 
as suggested by the ITMIG guidelines are appropriate 
when using even more conformal techniques such as IMRT. 
However, the fact that patients with pleural recurrence 
had an unfavorable outcome stresses the need for novel 
therapies to improve the control of pleural disease. 

Furthermore, this study confirmed the meaningful 
applicability of the ITMIG radiation guidelines. Previous 
studies have lacked detailed descriptions of field designs, as 
well as uniform definitions for reporting failure patterns. 
By applying the ITMIG reporting guidelines the authors 
also created a benchmark for clinical application of these 
guidelines and to specifically correlate sites of failure to 
delivered radiation doses. Detailed study of the failure 
patterns may also inform a revision of the guidelines if 
needed to adjust for potential RT field design failures and 
contouring errors.

An option to prevent or treat pleural recurrence might 
be highly conformal IMPRINT that has been developed 
and refined in patients with malignant pleural mesothelioma 
(MPM). Conventional RT techniques have a high risk of 
causing severe radiation pneumonitis (RP) when high doses 
are delivered to the thorax and the lungs are not adequately 
spared. Novel IMPRINT allows for the safe delivery of high 
doses up to 50 Gy to the entire pleura in MPM patients, 
even with bilateral intact lungs after surgical pleurectomy/
decortication (50). However, while IMPRINT may be 
technically feasible to deliver and might be beneficial 
in MPM patients, whose prognosis tends to be grim, it 
remains far from clear whether it will be appropriate in 
thymoma patients. These patients have a much longer and 
more favorable prognosis, even in the setting of pleural 
recurrences. Thus, long-term toxicities that may not have 
been observed in MPM patients due to their short median 
survival may occur in thymoma patients and expose them to 
an undue risk. Whether such an aggressive treatment is safe, 
feasible and warranted to treat thymoma is thus unclear and 
in need of further careful investigation. Its use should be 
limited to carefully selected patients in centers with great 
experience with this technique and appropriate consenting. 

Highly conformal radiation techniques such as IMRT 
might also favorably influence the outcome of thymoma and 
TC patients. A retrospective single-institution study found 
that adjuvant IMRT and 3D-CRT might achieve better 
outcomes than conventional RT as an adjuvant treatment 
of completely resected stage III thymoma patients (51). 



S2561Journal of Thoracic Disease, Vol 10, Suppl 21 August 2018

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(Suppl 21):S2555-S2564jtd.amegroups.com

Interestingly, the authors found that in the 3D-CRT/IMRT 
cohort median OS was significantly improved compared 
to OS in the surgery alone group, while no benefit was 
detected in the conventional RT cohort. Large radiation 
fields, poor accuracy and higher normal tissue toxicities 
in conventional RT compared to 3D-CRT/IMRT might 
explain these findings. In other thoracic malignancies, such 
as non-small cell lung cancer (NSCLC) (47) or MPM (48),  
IMRT and the combination with four-dimensional 
computed tomography (4DCT) simulation could reduce 
radiation induced toxicities with improved LC and OS. 
Still, to ensure optimal target delineation and treatment 
delivery with these techniques, studies on their use in 
thymic malignancies are needed.

Besides IMRT with photons, PBT is a promising 
technique to reduce the mean doses delivered to the 
organs at risk (OARs). The characteristic Bragg Peak of 
proton beams results in a lower entrance dose compared 
to photon RT and little to no exit dose. PBT therefore 
holds the potential to further reduce the risk of long-term 
cardiopulmonary toxicities and secondary malignancies. 
Excellent survival and LC rates have been shown in 
NSCLC patients, as well as decreased toxicities compared 
to photon IMRT (52,53). Until recently, PBT in thymic 
malignancies has only been described in a very limited 
number of case reports. For example, the use postoperative 
PBT was described for a 23-year-old patient with stage III 
thymoma (WHO type B2/3) and positive margins after 
surgery (54). PBT was considered because even with highly 
conformal IMRT, the mean doses to the OARs were rather 
high. Compared to the photon IMRT plan, the proton 
beam plan reduced the mean dose to the heart by 8 Gy 
(28%), lungs by 6 Gy (37%), and esophagus by 20 Gy (55%), 
whereas it increased the dose to the breasts by 2 Gy (−27%). 
The first prospective study recently showed that PBT in 
thymoma and TC patients is safe and feasible (55). Twenty-
seven thymoma and TC patients, treated with definitive, 
salvage or adjuvant double-scattering PBT (DS-PBT) 
over the course of 4 years, were assessed for early response 
and toxicities. Toxicities, as assessed weekly during proton 
therapy, at 1 month and 3 months after completion of RT, 
and every 3 to 6 months thereafter, were extremely low, 
with no CTCAE v4.02 grade ≥3 acute and late toxicities. 
On early follow-up, no in-field recurrences were reported 
and disease control was excellent. In the end, the benefit 
of PBT over conventional RT is substantially influenced 
by the incidence of late toxicities and local failures. Long-
term follow-up studies are therefore needed in order to 

determine, whether PBT can favorably shift the risk-
benefit ratio of RT in patients with thymic malignancies. 
The impact of alternative PBT techniques ought to be 
determined as well. Pencil beam scanning proton therapy 
has been shown to spare OARs even better than passive 
scatter techniques in other malignancies (56,57). Whether 
the use of pencil beam scanning proton therapy in thymic 
malignancy patients will be feasible, despite its susceptibility 
to intrafractional motion, and whether combining PBT with 
motion management techniques, such as deep-inspiration 
breath hold may further improve target coverage and 
reduce doses to OARs still needs to be clarified.

Conclusions

In recent years, the role of RT in the treatment of thymoma, 
TC and NETT has been refined. The decision for adjuvant 
or neoadjuvant treatment should be based on stage of disease, 
resection status and histology, although some uncertainties 
remain due to the lack of prospective trials.

For thymoma, evidence increases for the use of PORT 
depending on stage and resection status. There is no role 
for PORT in stage I thymoma. Stage IIA patients probably 
do not benefit from PORT, while stage IIB patients possibly 
benefit from adjuvant RT, even if resected completely. 
Locally advanced stages III, IVA and IVB (lymph node 
disease only) probably benefit even more from additional 
RT after surgery. Incompletely resected thymoma patients 
should generally be considered for RT after surgery 
to improve LC and improve their survival, especially 
in case of gross residual disease. If and in how far the 
different histologic subtypes of thymoma should influence 
therapeutic decisions still remain elusive. A stronger 
benefit from PORT has been shown the rather aggressive 
WHO types B1, B2, B3, but there are contradicting and 
less intuitively reports of a greater magnitude in the more 
benign WHO types A and AB.

TC should be treated with a multimodality approach 
including radical surgery and PORT. Adjuvant RT is 
probably beneficial irrespective of surgical margin status. 
The effect on TC seems to be more pronounced than on 
thymoma, even though the benefit of PORT in different 
stages is not clearly defined. A benefit from PORT has not 
been proven definitively for NETT patients. Still, RT is 
occasionally applied postoperatively.

Patients with locally advanced thymic malignancies 
might benefit from neoadjuvant treatment, including RT 
and possibly chemotherapy, to enable complete resection, 
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improve LC and prolong survival. Especially TC patients 
appear to profit from induction therapy. In combination 
with chemotherapy, definitive RT might be a viable option 
for treating patients that are deemed inoperable.

For young patients with early stage thymoma whose 
cancer-related mortality is low, late cardiopulmonary 
toxicities and secondary malignancies from the exposure 
to radiation are of serious concern. The advantages of 
novel techniques are expected to favorably shift the risk-
benefit ratio. Studies on highly conformal IMRT or PBT 
for treating thymic malignancies are scarce. Still, there are 
some promising data, suggesting favorable toxicity profiles 
and improved outcomes.

The effort to create standardized reporting definitions 
by ITMIG and other large international focus groups 
has helped generating well-powered retrospective studies 
that analyze large-scale databases on thymic malignancies. 
Prospective trials, using standardized and comparable 
outcome measures and reporting guidelines are preferable 
to clarify the role of RT in the treatment of different 
malignancies of the thymus and settle the existing dispute.
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