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Background and Objective: Thymic malignancies represent the most common anterior mediastinal 
neoplasms, as well as rare and challenging tumors. Surgery is the cornerstone in the treatment of thymic 
malignancies, although a multidisciplinary approach is mandatory, for both, locally advanced or metastatic 
disease. In our narrative review, we explored the recent literature to investigate clinical and radiological 
assessment, multimodality approach and outcomes of locally advanced thymic tumors. More than one-third 
of patients affected by an anterior mediastinal mass are asymptomatic at diagnosis. In case of locally advanced 
thymoma, symptoms are related to compression or invasion of adjacent structures, such as the superior vena 
cava (SVC), innominate veins and pericardium. Paraneoplastic syndromes, such as myasthenia gravis (MG), 
are related to release of antibodies, hormones and cytokines.
Methods: Diagnostic methods must be chosen accurately to avoid unnecessary surgical resections, to 
define the best strategy of care, and to plan the surgical strategy. Therefore, each case must be evaluated in a 
multidisciplinary context, where surgery plays an essential role.
Key Content and Findings: In this narrative review, we describe indications and surgical techniques for 
the treatment of locally advanced thymoma; focusing on oncological outcomes after different approaches.
Conclusions: In conclusion, aggressive surgery is always indicated, when possible, and when a complete 
resection can be planned, yet, the multidisciplinary approach is mandatory, in case of both locally or 
metastatic advanced disease.

Keywords: Thymic malignancies; mediastinal surgery; superior vena cava infiltration (SVC infiltration); 

multimodality treatment; myasthenia gravis (MG)

Submitted Sep 13, 2021. Accepted for publication Dec 14, 2021.

doi: 10.21037/gs-21-642

View this article at: https://dx.doi.org/10.21037/gs-21-642

621

 
^ ORCID: Davide Tosi, 0000-0003-3767-0449; Sara Franzi, 0000-0003-1767-3431; Alessandro Palleschi, 0000-0003-4510-5167; Paolo 
Mendogni, 0000-0002-4303-6244.

https://crossmark.crossref.org/dialog/?doi=10.21037/gs-21-642


Tosi et al. Surgery and outcomes of locally advanced thymic malignancies612

© Gland Surgery. All rights reserved.   Gland Surg 2022;11(3):611-621 | https://dx.doi.org/10.21037/gs-21-642

Introduction

Thymic malignancies represent the most common form 
of anterior mediastinal neoplasms. The most frequent 
histological types are thymoma, thymic carcinoma (TC), 
germinal tumours and primary lymphoma (1). Due to the 
heterogeneity of thymic malignancies, differential diagnoses 
have proven crucial to treat these tumours. Moreover, 
different treatments require a multidisciplinary evaluation (2):  
surgery is the cornerstone of treatment for thymic epithelial 
tumours (TETs), while lymphomas are usually treated with 
chemotherapy and radiotherapy (RT). 

This narrative review investigated the clinical and the 
radiological assessment, the multimodality approach and 
outcomes of locally advanced thymic tumours.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-21-642/rc).

Methods

The authors carried out a non-systematic review, using 
PUBMED as their primary source. The search string was 
as follows: (“Thymoma”[Mesh:NoExp]) AND (( “locally 
advanced”[Mesh] OR “Thymic malignancies” [Mesh] OR 
“superior vena cava infiltration”, OR “myasthenia gravis 
surgery”[Mesh])).

Articles in languages different from English and case 
reports were excluded. All articles retrieved were then 
selected by the authors based on title and abstract; the final 
selection was carried out after reading the full text.

Clinical assessment

More than one-third of the patients affected by an anterior 
mediastinal mass are asymptomatic at diagnosis (3). When 
evident, symptoms manifest as compression or direct 
invasion of surrounding structures or are associated with 
paraneoplastic syndromes. Timing in symptom assessment 
is crucial: a rapid onset of symptoms suggests the presence 
of an aggressive tumour, while a more indolent course 
indicates a slower-growing tumour. The evaluation of 
those signs and the symptoms associated with tumour 
extension, such as cough, hemoptysis, chest pain, dyspnea, 
voice hoarseness and superior vena cava (SVC) obstruction, 
has proved just as important. Vena cava obstruction, in 
particular, is often associated with elevated intracranial 
venous pressure and can result in swelling of the face, neck, 

upper chest, and arms, often accompanied by superficial 
venous distention.

Systemic symptoms result from the release of hormones, 
cytokines and antibodies; 30% to 60% of patients with 
thymoma show autoimmune manifestations. One-third 
of thymoma patients also suffer from myasthenia gravis 
(MG), the most frequent paraneoplastic-associated disease, 
characterised by a decreased motor response to repetitive 
electrical stimulation and by the presence of autoantibodies 
binding to anti-acetylcholine receptors (AChRs), muscle-
specific tyrosine kinase (MuSK), and lipoprotein receptor-
related protein 4 (LRP4). MG clinical presentation is 
characterised by ptosis, dysphagia, weakness, and fatigue. 
In contrast, thymoma was only detected in 10% to 15% of 
MG patients (4). In MG patients, full clinical examination, 
including neurological and systematic immunological 
check-ups, is recommended when a diagnosis of TET is 
suspected since these patients face an increased risk of 
mortality when compared to non-MG patients (5).

This complex symptomatic scenario requires an 
extended evaluation, which includes a complete blood 
count, complete metabolic panel, alpha-fetoprotein 
(AFP), beta-human chorionic gonadotropin (beta-hCG) 
and lactate dehydrogenase assessment: these tests are 
crucial when suspicions for non-seminomatous germ cell 
tumours or lymphoma arise. Moreover, a thyroid panel 
for thyrotoxicosis, hypercortisolism workup for Cushing 
syndrome and gammaglobulins count (IgG, IgA, and IgM) 
might prove beneficial for accurate diagnosis.

Radiological assessment 

Pre-operative radiological imaging evaluation plays an 
essential role in the diagnosis, characterization and staging 
of thymic neoplasms. Moreover, a specific radiological 
assessment can discriminate benign masses from malignant 
tumours and predict the invasion of neighbouring structures 
by thymic tumours. These assessments are essential when 
determining the correct therapeutic approach (6). An 
initial evaluation of large anterior mediastinal masses 
can be performed by chest X-ray, followed by computed 
tomography (CT) with contrast, in order to better delineate 
mediastinal vascular structures that could be involved by the 
tumour (Figure 1).

Unfortunately, not all the lesions can be detected by 
traditional CT and magnetic resonance imaging (MRI); 
nevertheless, recent advances in imaging techniques 
have improved tumour characterization, the assessment 
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of invaded adjacent structures and metastases, and the 
detection of lymph nodes (7).

CT

CT is the gold standard for the radiological assessment 
of thymic tumours since it ensures high sensitivity 
and specificity if compared to X-ray (6). CT helps to 
characterize lesions features, including location, size, 
morphology, density and enhancement characteristics; 
it also unveils relationships with adjacent structures and 
improves disease staging (8). Dual-energy CT and CT 
perfusion, when compared to standard CT, improve the 
characterization of different lesions, and give more precise 
information on prognosis and response to treatment (7).

Fluorodeoxyglucose F18positron emission tomography/CT 
(18F-FDG PET/CT)

In recent years, 18F-FDG PET/CT has taken on major 
importance in the radiological evaluation of thymic 
malignancies, as it integrates anatomical information from 
CT with the metabolic data of the tumour. In particular, 
18F-FDG PET/CT uses 18fluorodeoxyglucose tracer 
instead of a liquid contrast agent and is powerful for 
TCs, which are highly responsive to such tracer; in 2013, 
Benveniste reported TCs to have higher FDG uptake than 
that of thymoma, as measured by SUVmax, SUVmean, 
and SUVpeak. Moreover, the authors could not find any 
statistical association between FDG uptake and advanced-
stage disease for thymomas (9). For later diagnosis, 68Ga-
DOTATE is more sensitive in distinguishing thymoma 
from TC, particularly in detecting metastatic lesions (7,10). 

Since high FDG uptake is usually associated with more 
aggressive tumours, PET/CT has proved to be an effective 
tool to distinguish thymoma from TC, but not for disease 
staging (7).

MRI

MRI is usually not the first choice for the radiological 
evaluat ions of  local ly  advanced thymic tumours . 
Nevertheless, its higher soft-tissue contrast resolution has 
proven more effective than CT in differentiating cystic and 
thymic lesions and in assessing the infiltration of vessel, 
pericardium and pleura. For example, operators can rely on 
MRI to distinguish thymoma from thymic hyperplasia by 
identifying the fat inside the gland (7,11).

Multimodality treatment

Thymic malignancies are rare diseases, and there is a 
scarcity of robust clinical trials or international accepted 
guidelines. Surgery remains the gold standard, although 
a multidisciplinary approach might improve patients’ 
stratification and therapeutic approach, especially in 
stage III and IV tumours. In particular for resectable 
advanced tumours, radical surgery followed by adjuvant 
chemotherapy or RT is highly recommended. Nevertheless, 
in those unresectable cases, the multimodal approach might 
benefit the prognosis (12). The plethora of approaches 
described so far should be considered in a multidisciplinary 
context (6). Radical surgery, standard access and a mini-
invasive approach (i.e., robotic thymectomy), are the 
mainstay of treatment for Masaoka-Koga stage I and II (6). 
Adjuvant RT does not seem to improve survival. On the 
other hand, several studies have shown the importance of 
multimodality treatment in Masaoka-Koga stage III and IV  
thymic malignancies (longer survival, lesser recurrence 
rate) (6). Neoadjuvant chemotherapy has the potential 
of tumour downstaging and prevention of systemic 
progression; in some cases, it has been linked to higher 
resectability, when compared to upfront surgery (13,14). 
Additionally, the multimodal approach has increased the 
therapeutic options for stage III and IV thymoma and 
TCs, as well as in recurrent disease (6). Several studies 
have already demonstrated the high prognostic value of 
the multimodality approach, especially for locally advanced 
stage III and IV Masaoka-Koga; particularly in terms of 
tumour downstaging, survival rate and recurrence of disease, 
specifically. In 2014, Korst reported a phase II clinical 

Figure 1 CT scan of Masaoka stage III thymoma invading the 
SVC. This image is published with the patient’s consent. CT, 
computed tomography; SVC, superior vena cava.
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trial in which patients with locally advanced thymoma and 
TC were treated with induction chemotherapy followed 
by surgery: none of the patients experienced disease 
recurrence; after 60 months from surgery, all patients 
showed progression-free survival (PFS) and overall survival 
(OS) rates of 83% and 71%, respectively (15). The optimal 
disease treatment strategy for Masaoka-Koga stage IV 
tumours is subject of even stronger debate. Although 
surgery remains the main prognostic factor, post-operative 
morbidity and mortality rate are still too elevated. In stage 
IVa disease, recurrence probability is high and usually 
entails pleural, diaphragm and pericardium involvement; 
thus, surgery alone might not suffice for radical removal 
of the tumour: in this scenario, hyperthermic intrathoracic 
chemotherapy (HITHOC) strategy combined with a radical 
pleural resection might reduce the risk of recurrence, thus 
ensuring effective local disease control (6,12). In stage IVb 
tumours, usually characterised by extrathoracic metastases, 
surgery would not be a reasonable approach; in such rare 
cases, palliative chemotherapy and mediastinal radiation 
should be considered (6).

Multidisciplinary approach and treatment options for 
thymoma, TC and recurrent disease can be summarised in 
three forms, as shown in Table 1:
 For Masaoka-Koga stage I and II tumours, 

surgery (standard and minimal invasive) is the 
recommended strategy; for stage IIa, post-operative 
radiotherapy (PORT) should be considered;

 For resectable stage III tumours, surgery is the 
first choice. In non-resectable tumours, induction 
chemotherapy would be the alternative for tumour 
downstaging, and possibly surgery followed by 
chemotherapy; for totally unresectable thymoma 
and for TCs, chemo-RT treatment is the gold 
standard;

 Resectable stage IV tumours should be resected; in 
unresectable stage IV and stage IVb tumours, chemo-
RT is recommended. Palliative chemotherapy and 
mediastinal radiation are particularly beneficial for 
cases of stage IVb tumours;

 According to the International Thymic Malignancy 
Interest Group (ITMIG) classification, radical 
surgery is the first choice for recurrent disease; 
otherwise, chemotherapy and RT should be 
considered.

In 2020, Bruni et al. (16) published a study in which 
patients with stage I–IV thymoma were treated with PORT. 
In general, the role of PORT is controversial, although 
it can be beneficial for selected patients in terms of OS 
and disease-free survival (DFS). In detail, PORT is not 

Table 1 Stage-based therapy current treatment for locally advanced, advanced and recurrent thymic malignancies

Masaoka-Koga 
stage (6)

Description (2,6) Treatment (6)

I Macroscopically and microscopically completed 
encapsulated

Surgery (standard surgery, minimally invasive surgery)

IIa Microscopic transcapsular invasion Surgery (standard surgery; minimally invasive surgery, i.e., robotic 
thymectomy); PORT

IIb Macroscopic invasion into surrounding fatty 
tissue or grossly adherent to, but not through 
mediastinal pleura or pericardium

Surgery (standard surgery, minimally invasive surgery), adjuvant RT 
(TC)

III Macroscopic invasion into neighboring organs 
(i.e., pericardium, lung) 

If resectble: surgery

With no invasion of great vessels 
With invasion of great vessels

If unresectable: induction chemotherapy for downstaging, possibly 
surgery followed by adjuvant chemotherapy, trial of neoadjuvant 
radiochemotherapy (unresectable thymomas and TCs)

IVa Pleural or pericardium dissemination If resectable: surgery

If incompletely resectable: adjuvant chemotherapy and RT

IVb Extrathoracic metastases Palliative chemotherapy and mediastinal radiation

Recurrent 
disease ITMIG 
classification

Local (mediastinum) Surgery first choice if a radical resection is possible—consider 
adjuvant chemotherapy and RTRegional (pleural cavity)

Distant (i.e., hematogenous spreading)

PORT, post-operative radiotherapy; RT, radiotherapy; TC, thymic carcinoma.
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recommended for early-stage and completely resected 
disease, while patients with stage III and IV seem to benefit 
from PORT, in terms of OS, DFS and disease-specific 
survival (DSS). 

In the context of multidisciplinary treatment, even 
patients with an unresectable disease could be selected for 
debulking surgery followed by RT, as it was reported to be 
more efficient than RT alone (17,18).

Surgery

The completeness of surgical resection remains the most 
significant factor in the prognosis of thymic malignancies, 
yet it is not always achievable due to the infiltration of 
adjacent structures (stage III) or metastatic pleural spread 
(stage IVa). In selected cases of locally advanced thymic 
malignancies, extended surgery that includes the resection 
of the involved organs and major vessels plays a significant 
role in the multimodal approach (19).

Pre-operative intravenous access should be placed below 
the diaphragm and in both arms to ensure functioning 
vascular access.

Midline sternotomy is the standard approach to explore 
the thorax bilaterally from mediastinum up to the phrenic 
nerves (PN), as reported in the majority of the literature.

Radical resection of the thymic neoplasm, including 
perithymic fat tissue, thymic gland, pericardium and 

mediastinal pleura, is the main goal.
When required, resection could be extended to the lung 

(wedge resection, lobectomy or pneumonectomy), PN, 
chest wall and great vessels (stage III).

Resection of the PN is particularly dreaded in myasthenic 
patients because of the risk of hemidiaphragmatic paralysis, 
which causes impairment of pulmonary function; therefore, 
some authors suggest using a nerve-sparing technique, 
which entails the skeletonization of the neural layer (12).

The effectiveness of lymph node dissections is still 
debated, as the incidence of lymph node metastasis in 
thymic malignancy has not been clearly established yet. As 
reported in several studies, lymphadenectomy should not 
affect long-term survival but seems to improve the staging 
as suggested by the ITMIG (20).

In case of vascular infiltration, resected vessels are 
closed by suturing or replaced by prostheses. SVC and the 
innominate vein turn are the most often involved vessels 
due to their features and position. The main pulmonary 
artery and the aorta are rarely involved.

When tumour infiltration is less than 30% of the 
vessel circumference, direct or pericardial patch repair is 
recommended. When infiltration is more than 30% or 
vertical extension of tumour invasion is >2 cm, replacement 
is required (Figure 2) (21,22).

In case of tumour infiltration, more than 50% of the 
authors suggest performing prosthetic reconstruction 
(23,24).

Various materials have been used for revascularization. 
Synthetic prostheses are still the most popular material for 
vascular replacement: in particular, polytetrafluoroethylene 
(PTFE) grafts are easily adjustable in size and length 
and can be quickly re-epithelised, while the prosthetic 
ring prevents collapse by maintaining good patency, 
despite the need for long-term anticoagulation therapy. 
Biological autologous grafts (for e.g., bovine pericardium/
jugular vein, porcine pericardium, saphenous vein) can 
be used for venous replacement since they provide better 
biocompatibility with no need for anticoagulation therapy 
but require a longer time for preparation than synthetic 
prostheses do.

In case of venous infiltration, surgical manoeuvres 
are usually performed by the cross-clamping technique. 
Operators should always bear in mind that sudden clamping 
could decrease preload and cardiac output as well as lead 
to systemic hypotension. It also could increase venous 
pressure, which can result in brain oedema and cerebral 
damages. A complete vessel clamping is usually tolerated 

Figure 2 3D-CT coronal reconstruction of SVC prosthetic 
replacement. This image is published with the patient’s consent. 
3D-CT, three dimension computed tomography; SVC, superior 
vena cava. 
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for up to 45–60 minutes with appropriate pharmacological 
support for neuroprotection such as steroids, massive fluid 
administration and vasoconstrictive agents.

Otherwise, a temporary shunt between brachiocephalic 
trunks and the right atrium allows the stabilization of 
hemodynamic parameters, as shown by Matsumoto et al. (25).

In  ca se  o f  va scu la r  rep lacement ,  in t ravenous 
anticoagulant therapy is routinely administrated during 
surgery. Low-molecular-weight heparin is administered 
after surgery and then shifted to oral anticoagulation at 
discharge.

The identification of the optimal strategy remains 
controversial, and the replacement strategy differs 
depending on neoplasm extension.

In case of SVC trunk infiltration, vascular reconstruction 
is performed between the two venous stumps with an end-
to-end anastomosis after clamping and vascular resection.

In  case  of  in f i l t ra t ion  a t  the  conf luence  wi th 
brachiocephalic trunks, different approaches are hereby 
proposed:
 Vascular  reconstruct ion  between the  le f t 

brachiocephalic vein and the inferior SVC stump 
or the right atrium with the closure of the right 
brachiocephalic vein;

 Vascular reconstruction between the right 
brachiocephalic vein and the inferior SVC stump 
or the right atrium with the closure of the left 
brachiocephalic vein;

 Using a double replacement between the left 
brachiocephalic vein and the inferior SVC stump or 
the right atrium and the right brachiocephalic vein 
and the inferior SVC stump or the right atrium.

 Using a Y-shaped prosthesis between the two 
brachiocephalic trunks and the inferior SVC stump 
or the right atrium (26).

The review of the existing literature provides operators 
with a range of recommendations and arrangements to 
reduce post-operative complications:
 SVC is a high flow and low-pressure system: 

therefore, it is important to mimic physiological 
conditions after vascular replacement in order to 
maintain prosthetic patency. Sekine et al. (23) suggest 
using smaller sized grafts, whereas many authors have 
abandoned Y-shaped reconstructions or single left 
brachiocephalic vein grafts due to the higher tendency 
to occlude, as reported by Shintani et al. (27);

 Soaking the ringed PTFE prosthesis in heparin-salt 
solution minimises thrombotic risk (28);

 If total SVC clamping is needed during operation, 
SVC should be clamped above the confluence of 
the azygos vein to preserve collateral circulation. 
If needed, a clamp below the azygos vein or 
revascularization are supposed to last longer 
than 45–60 minutes; temporary SVC shunt 
or cardiopulmonary bypass (CPB) should be 
considered to avoid brain damages.

If the right side of the heart, specifically the aorta or the 
supra-aortic trunks, are infiltrated, CPB support is mandatory. 
CPB can be established with aortic or femoral artery 
cannulation, and through right atrium or femoral vein drainage. 
Heparin (350 IE/kg) and mild to moderate hypothermia are the 
most common settings. Hypothermic CPB and cardioplegic 
cardiac arrest have also been reported (29). 

Overall, only a few reports describe ascending aorta or 
aortic arch replacement; such scarcity is due to the extreme 
surgical challenges posed by the procedure (29-31).

In case of pleural metastases (stage IVa) surgical options 
range from regional or complete parietal pleurectomy to 
extrapleural pleuropneumonectomy (EPP); yet, the benefits 
of the latter are still under debate (32).

The most frequent post-operative complications are 
bleeding, respiratory and cardiac arrhythmic events (11.1% 
in Maurizi, 23% in Spaggiari and 25% in Sekine studies, 
respectively) (21,23,24).

The reported post-operative mortality rate varies from 0% 
to 7.7%; these numbers probably reflect the extension of the 
surgery, the need for CPB and careful patients’ selection.

Graft patency is another significant achievement for 
patients’ health: conduit occlusion is one of the most 
common problems and widely differs among literature. 
According to the recommendations listed above, long-
lasting anticoagulant therapy is useful to prevent this type 
of complication.

Categories  of  cancer,  their  histotypes and the 
completeness of surgical resection are the main long-term 
prognostic factors: they affect local recurrence, distant 
metastases and, consequently, survival rates.

Disease recurrence can involve all thoracic structures or 
distant sites, and pleural space is the most common target 
(about 75%). Nevertheless, thymoma, thymic carcinoid and 
TC show different patterns in recurrence locations (regional 
or distant), in cancer-free interval and biological behaviour.

Several studies describe their experience on surgery for 
recurrence, but it is hard to identify the optimal approach. 
Completeness of resection is the most important long-term 
survival prognostic factor in repeated surgery for recurrent 
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malignancies as well: therefore, surgical treatments should 
be restricted to selected patients with limited locoregional 
recurrence within the context of multimodal therapies (33).

Oncological outcomes

Complete surgical resection is considered the most 
important prognostic factor. However, complete tumour 
resection is not often achievable for stage III thymomas. 
Thus, surgeons recommend resection only in association 
with chemo-RT prior to or after surgery. Here, we reviewed 
current literature to collect relevant data on oncologic 
outcomes in patients with stage III thymic tumours (Table 2).

Fan et al. (17) followed a cohort of 82 patients with 
Masaoka-Koga stage III thymoma on average 41 months 
(range, 5–166 months), subjected to debulking surgery or 
biopsy and treated or not with definitive RT (dRT) (dRT 
group and non-dRT group, respectively). They found that 
dRT significantly improved 5- and 10-year OS rate (65.7% 
and 55.8%, respectively) vs. non-dRT group (26.8% and 
13.4%, respectively, P=0.008). Similarly, 5- and 10-year PFS 
was higher in dRT group (46.1% and 34.6%, respectively) 
compared to non-dRT (17.0% and 0%, respectively) 
(P=0.003) (Table 2).

In the same way, Funaki et al. (38) reported that the 
combination of induction therapy and surgical resection 
could improve the outcome of patients with advanced 
locally invasive thymoma. 

The beneficial role of PORT in patients with stage III 
thymoma has been widely described (16). Lim et al. (34) 
reported in 2016 potential OS benefit in patients who 
received PORT in stage III and IV disease (HR =0.63; 95% 
CI: 0.40–0.99; P=0.04) (Table 2). Similarly, a meta-analysis 
from Zhou et al. (35) in 2016 found an OS improvement by 
PORT in completely resected stage III thymoma patients 
(HR =0.73) but no statistical improvements for DFS. 
Alothaimeen and colleagues reviewed 56 patients with 
thymoma and TC and reported 5- and 10-year DFS rates as 
69.9% and 43.8%, respectively. Accordingly, 5- and 10-year 
OS rates were 88.6% and 74.3%, respectively. The Kaplan 
Meyer analysis of OS according to histologic classification 
showed a median OS of 61 months for thymoma and  
84 months for TC. More specifically, the 5- and 10-year OS 
rates for thymoma were 90% and 84%, while for TC were 
75% and 25%, respectively (39). In their original research, 
Tian and colleagues evaluated oncological prognosis in 
patients with TETs, associated or not with MG. Patients 
with MG were subjected to extended thymectomy with 

the removal of the entire thymus and mediastinal fat tissue 
bilaterally. Patients without MG received thymectomy 
associated with the removal of adjacent lymph nodes. 
Over a median of 42 months follow-up, the 5-year OS rate 
was 88.6%, and there was no difference in the prognosis 
between MG and no-MG patients (Table 2) (36).

Great-vessels invasion was reported as a poor prognostic 
factor (40). In this regard, several papers were published on 
the surgery approaches for advanced thymic tumours with 
great vessel invasion.

In 2019 Maurizi et al. (21) reported on the outcomes 
of patients subjected to radical resection with vessel 
reconstruction for advanced thymic tumours infiltrating 
SVC. Over 58 months follow-up, 3- and 5-year survival 
rates were 80% and 58.1%, while 3- and 5-year DFS rates 
were 90.5% and 67%, respectively. In particular, 3- and 5-year 
survival rates of stage III thymoma were 100% and 93.8%, 
compared to TC, 50% and 0%, respectively (Table 2).

More recently, Yu et al. (41) reported on long-term 
outcomes in patients subjected to tumour resection with 
SVC replacement for advanced thymoma, receiving 
neoadjuvant chemotherapy or RT. Kaplan Meier analysis 
showed better recurrence-free survival curves for patients 
treated with the combination cardiac resynchronization 
therapy (CRT) + surgery, with respect to the only surgery 
group (P=0.031). Nevertheless, there were no statistical 
differences between the two groups for OS (P=0.069). 

Similarly, research from Liu and colleagues showed 
that extended thymectomy associated with vessel resection 
and reconstruction improves clinical outcomes in patients 
with stage III TC when compared to non-surgery patients. 
Over a median follow-up of 44 months, the authors found a 
survival rate in the operative group of 66.67% with respect 
to the non-operative group, 35.71%. The median OS 
was of 48 and 26 months in the two groups, respectively 
(P=0.013). The overall disease metastasis-free survival 
were 47 and 18 months in the operative and non-operative 
groups, respectively (P=0.019) (Table 2) (42). In 2019, Aprile 
et al. (37) published a retrospective study describing a nerve-
sparing surgery to treat patients with invasive advanced 
thymoma (stage III and IV). Over a median follow-up of 
101 months (range, 15–323 months), OS was 273.4 months 
for stage III thymoma (95% CI: 229–318) with respect to 
159.2 months of stage IVa thymoma (95% CI: 106–211). 
In the total cohort, 5- and 10-year survival rates were 88% 
and 78%, respectively. DFS was statistically higher for 
stage III than for stage IVa thymoma (287.6 vs. 28 months, 
respectively; P<0.001) (Table 2).
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Discussion

The surgery of advanced stage thymoma is one of the 
main challenges for thoracic surgeons and thoracic 
oncologists. To date, the main issue remains the lack of 
precise guidelines or recommendations regarding the 
multimodal approach and the pre-operative assessment of 
the malignancy. Due to the high peri-operative risks and the 
uncertain oncological outcomes, most of the patients with 
locally advanced TETs do not undergo surgery, especially 
if metastases have invaded the heart and/or the great 
mediastinal vessels. Reported results are not straightforward 
and prevent the authors from drawing any firm conclusion 
and from clarifying when to opt for either surgical or non-
surgical treatments.

Despite the multicentric nature of the studies considered, 
the total number of patients in the international cohort 
is still too small to give solid foundations for future 
randomised studies.

Each centre has different treatment protocols in place, 
especially for the pre-operative neo-adjuvant therapies. 
The option of multimodal treatment must always be 
taken into consideration in view of the relatively high 
chemosensitivity and radiosensitivity of these neoplasms. 
In particular, neoadjuvant therapies should be considered 
to reduce the mass and to improve the resectability of the 
tumour, in case of high invasiveness. Nevertheless, it has 
been acknowledged that surgery is the gold standard in the 
treatment of these rare and challenging neoplasms, even 
in those cases where surgery cannot guarantee complete 
tumour resection (R1 or R2 resections). Debulking surgery 
followed by RT has been reported to be more efficient 
than RT alone, yet there is no indisputable evidence on 
the matter in current literature (17,18). Oncologic results 
are encouraging: a complete resection must be pursued 
for better long-term results about recurrence and survival. 
Despite a radical resection, the possibility of local and 
distance recurrence is not insignificant. Furthermore, an 
incomplete resection is associated with a high recurrence rate 
in advanced thymomas. As reported by Marulli et al. (43),  
the most important prognostic factors in resectable stage III  
tumours are the completeness of resection, the type and 
grade of surrounding organs infiltration and recurrence. 

In addition, it is necessary to make a distinction between 
thymoma and TC. These two different subtypes of TETs 
show extremely different aggressiveness and invasive 
behaviour, being thymomas more “indolent” and rarely 
infiltrating or spreading metastasis; on the contrary, TC 

is usually diagnosed when already advanced and often 
with distant metastasis. Good short and long-term results 
confirm that, after a careful multidisciplinary discussion, 
surgery should be the first choice even in selected advanced 
TC. In some reported series, thymoma and TC have not 
been considered separately, leading to contradictory and 
inhomogeneous results. The literature shows that when the 
great vessels are involved and reconstructions or resections 
are required, surgery is not always an option for locally 
advanced cases.

The lack of experience and skills of the surgical and 
anaesthesiology staff in low-volume centres could lead to 
reducing the surgical indications, especially if extracorporeal 
life support is required. 

The CPB support for this type of surgery is not routinely 
used in the majority of thoracic surgery centres all around 
the world; therefore, the presence of a cardiac surgery 
service is mandatory for the complexity of patients as well as 
the skills in the use of CPB.

Another critical issue is the surgical therapy in cases of 
pleural dissemination (stage IV) or for pleural relapses after 
surgery: Moser et al. (44) suggest that surgery should be 
considered as a part of the multimodal treatment.

The main limitation of this paper is due to non-
systematic review of the literature; nevertheless, we can 
conclude that aggressive surgery is always indicated when 
a complete resection proves feasible. The multidisciplinary 
approach is mandatory in every case of both locally or 
metastatic advanced TETs.
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