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Özet
Bu yazıda erişkinlerin en sık görülen mediastinal tümörü olan 
timoma ve timik karsinomda lokal ileri evre hastalık, evre 
III tartışılacaktır. Timik tümörlerde evre III perikard, büyük 
damarlar, frenik sinirler, akciğer parankimi ve göğüs duvarı 
gibi komşu yapıların tutulumunu içeren ileri evre hastalığı 
tarif eder. Timik tümörlerde günümüzde tedavinin altın stan-
dartı tam rezeksiyondur. Ancak eğer preoperatif değerlen-
dirilme sonrasında tümör potansiyel olarak anrezektabl ise 
sonucu iyileştirmek için seçilmiş hasta grubunda neoadjuvan 
kemoterapi verilmelidir. Cerrahi yaklaşım medyan sternoto-
mi, clamshell insizyon veya ters T yaklaşım olabilir. Her yak-
laşımın avantaj ve dezavantajları vardır. Evre III timik neop-
lazmalar çoğu zaman gerçek bir cerrahi tartışma konusudur 
ve birçok vakada neoadjuvan tedavi düşünülmelidir; ancak 
eğer tam cerrahi rezeksiyon yapılabilirse evre I ve II tümörlü 
hastalara benzer sağkalım oranları evre III’te bile elde edile-
bilir. Sağ atriyum ve perikard, sol brakiosefalik ven, akciğer 
ve diyafram rezeksiyonu yapılabilir. Tam rezeksiyon asendan 
aort ve ana pulmoner arter rekonstrüksiyonu veya bir frenik 
sinirin rezeksiyonu ile elde edilebilir. Miyokard invazyonu 
anrezektabilitenin açık bir belirtisidir. Politetrafloroetilen-
PTFE- greftler gibi sentetik materyaller veya bovin perikardı 
SVK rekonstrüksiyonu için sıklıkla kullanılır. Agresif multimo-
dalite yaklaşımına rağmen 5-yılda lokal ve uzak rekürrensler 
görülmektedir; 5-yıllık sağkalım oranları %46 ile %88; 10 
yılllık sağkalım %26 ile %84 arasında değişmektedir. Tam 
olmayan rezeksiyon veya basit debulking vakaları dışında 
tam rezeksiyon sonrası adjuvan tedavinin onaylanması için 
prospektif randomize çalışmalara ihtiyaç vardır. 
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Abstract
In this report, we will be discussing the advanced phase, stage 
III of  thymoma, which are the most frequently seen mediasti-
nal tumors in adults, and thymic carcinoma.  Stage III thymic 
tumors represent an advanced stage of disease with involve-
ment of the pericardium, great vessels, phrenic nerves, lung 
parenchyma and chest wall. Nowadays, complete resection is 
the gold standard in the treatment of thymic tumors. However, 
a selected group of patients should receive neoadjuvant che-
motherapy to improve the outcome when the preoperative 
work up demonstrates that the tumor is considered potentially 
unresectable. Surgical procedures include median sterno-
tomy, clamshell incision and an inverse T approach. Each 
procedure has its own advantages and disadvantages. Stage 
III thymic neoplasms are often a real surgical challenge and 
in many cases neoadjuvant treatment should be considered. 
However, if complete surgical resection could be achieved 
even in stage III, survival rates can reach   similar survival rates 
to  the patients with stage I and II tumors. Resection of the 
right atrium and pericardium, left brachiocephalic vein, lung 
and diaphragm can be per formed. Complete resection can 
be obtained by the reconstruction of the ascending aorta and 
main pulmonary artery or the resection of one phrenic nerve. 
Invasion of the myocardium is a clear sign of unresectability. 
Synthetic materials such as polytetrafluoroethylene-PTFE-
grafts or bovine pericardium are used frequently for SVC 
reconstruction. Notwithstanding this aggressive multimoda-
lity approach, 5-year-local and distant recurrences are still 
present; 5-year survival rates range from 46% to 88%; at 10 
year the range is from 26% to 84%. Adjuvant treatment after 
complete resection needs validation through prospective ran-
domized trials, except in the case of incomplete resection or 
simple debulking where this therapy is clearly recommended.
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Thymoma and thymic carcinoma are the most 
frequent mediastinal tumors in adults. The presenta-
tion of this heterogeneous group of tumors is often 
completely indolent; however, they can be locally 
infiltrative and even metastasize outside the mediasti-
num. The prognosis is strictly correlated with staging, 
histology and completeness of surgical resection. In 
the past, many classifications have been suggested 
for staging and also the TNM system  (1, 2) has been 
proposed. However, the only staging system still in 
use is the one developed in 1981 by Masaoka (3) and 
modified later by Koga in 1994 (4). Microscopic and 
macroscopic invasion of the capsula and involvement 
of adjacent organs are the key points to assess local 
aggressiveness and hematologic and lymphatic dis-
semination inside or outside the chest is reported at 
stage IV as for other tumors (Table I). This classifica-
tion allows us to predict outcome and could be easily 
evaluated even at the time of surgery.

Stage III of thymic tumors represents an advanced 
phase of the disease with involvement of the adjacent 
structures: pericardium, great vessels (main pulmo-
nary artery, ascending aorta, innominate veins and 
superior vena cava), phrenic nerves, lung parenchyma 
and chest wall. In contrast, the invasion of the medi-
astinal pleura requires to be confirmed histologically 
because the simple adhesion of the neoplasm to the 
serosa is staged as IIB, while direct invasion is classi-
fied as stage III. Basically, the updating of Masaoka’s 
staging system from Haniuda (5) added a “p” status in 
order to provide more precise information on pleural 
involvement: stage IIp0, no adhesions to the medias-
tinal pleura; stage IIp1, fibrous adhesions of the tumor 
to the pleura without invasion; stage IIp2, true pleural 
infiltration. However, in stage IIp1 there is no consid-
eration of lesion’s staging: IIA or IIB. 

PREOPERATIVE EVALUATION 
It might be difficult to assess invasiveness preop-

eratively. Computed tomography (CT) could provide 
valuable support in identifying Masaoka stage III 
before surgery. Nevertheless, only surgical explora-
tion can confirm local invasion. CT is less reliable for 
tumors smaller than 5 cm in diameter. Indirect informa-
tion of local aggressiveness, such as elevation of one 
hemidiaphragm, is often useful. Magnetic Resonance 
Imaging (MRI) is an expensive tool but it is still a use-
ful preoperative aid in evaluating neurovascular and 
vascular invasion (6).

Positron Emission Tomography (PET) has been 
evaluated as an aid for diagnosis and preoperative 
work up of these tumors. Although many studies sup-

port the use of this technique, and the SUV max could 
be helpful to discriminate between thymoma and thy-
mic carcinoma, PET could not discriminate between 
invasive and non invasive neoplasms (7).

SURGICAL CONSIDERATIONS 

Thymic tumors, those invasive and metastatic, can 
be cured by complete resection; in fact, this is con-
sidered nowadays the gold standard for treatment. 
However, a selected group of patients should receive 
neoadjuvant chemotherapy to improve their outcome 
(8-13) if the tumor is considered potentially unresect-
able after preoperative work up. 

Thymic tumors can involve the adjacent structures 
and this situation could sometimes become evident 
only on the operating table; surgeons should be 
prepared to change their intraoperative strategy on 
demand, as well as the extent of the resection.

The gold standard approach for mediastinal neo-
plasms is median sternotomy; since it allows optimal 
exposure even in case of involvement of the adjacent 
structures such as the pulmonary hilum or lung paren-
chyma (14, 15). This approach carries many advan-
tages, such as fast opening and closing, in addition 
to a relative reduction of postoperative pain and no 
sectioning of major thoracic muscles (16). In contrast, 
the potential risk of sternal infections and dehiscence 
as well as the impaired exposure of the posterior lower 
third of the pleural cavities and of the posterior aspect 
pulmonary hilum are the potential disadvantages. 

Large tumors with extended involvement of both 
pleural cavities (14, 17) could be resected through a 
clamshell incision that consists in a combination of 
bilateral anterior thoracotomy with a transverse ster-
notomy; also tracheostomy is an indication for this 
access as an alternative to median sternotomy (18). 
In case of huge tumors bilaterally involving large seg-
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Table 1. Thymoma Staging

STAGE I	 Macroscopically and microscopically comp-
letely encapsulated

STAGE IIA	 Microscopic transcapsular invasion

STAGE IIB	 Macroscopic invasion into the surrounding 
mediastinal fat tissue or grossly adherent 
to but not passing through the mediastinal 
pleura

STAGE III	 Invasion into the neighbouring organs

STAGE IVA	 Pleural or pericardial dissemination

STAGE IVB	 Lymphogenous or haematogenous metas-
tases
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ments of the lung, this access is useful in order to pro-
vide an excellent exposure of pulmonary hili and both 
pleural cavities. However, notwithstanding the potential 
advantages, this approach should be proposed only 
in a selected group of patients because of the more 
pronounced postoperative pain and increased risks of 
non-infectious sternal complications such as a pseudo-
arthrosis and an sternal overriding (19, 20).

The inverse T approach, an extension of the clam-
shell access, that has been proposed recently (21), 
is an combination of the traditional clamshell incision 
with a partial upper median sternotomy. This access 
is excellent for reaching both pulmonary hili and the 
antero-superior mediastinum, and it could be extend-
ed to the cervical region. Many clinical data have dem-
onstrated how, in spite of the extension of the incision, 
the chest wall stability and the functionality of the ster-
nocostal arch could be preserved (21, 22) resulting in 
faster recovery and an earlier respiratory rehabilitation. 

With a thoracosternotomy or a hemiclamshell inci-
sion, as alternative surgical techniques, the pleural 
space is easily exposed. It starts with an access 
through the 4th intercostal space, an anterior thora-
cotomy on the side with the most bulky part of the 
neoplasm. The approach can be completed, once 
the feasibility of the resection is defined, with a par-
tial median sternotomy from the opened intercostals 
space upwards. The retractor used for the exposure 
and harvesting of the internal mammary artery for 
coronary artery bypass is useful for lifting the hemi-
thorax. Phrenic nerve and brachiocephalic vessels 
can be better exposed through this type of incision 
than through standard median sternotomy, and this is 
extremely important in the case of larger tumors; and 
is also useful when upper lobectomy is to be carried 
out in association (23). 

Stage III thymic neoplasms are often a real surgical 
challenge and in many cases neoadjuvant treatment 
should be considered. However, survival rates similar 
to those of patients with stage I and II tumors can be 
reached even at stage III if complete surgical resec-
tion is achieved (24). Resection of the right atrium 
and pericardium, left brachiocephalic vein, lung and 
diaphragm can be performed. Complete resection can 
be obtained by the reconstruction of the ascending 
aorta and main pulmonary artery or the resection of 
one phrenic nerve (25). Invasion of the myocardium is 
a clear sign of unresectability.

Resection of the anterior pericardium is not com-
mon; the exclusion of direct invasion could be difficult 
to ascertain due to tight adhesions between the peri-
cardium and the tumor which can also happen in the 

case of a mass that appears completely capsulated. 
However, any adherent part of the serosa should be 
excised and the reconstruction of the defect is con-
sidered on a case by case basis. In the reconstruction, 
bovine pericardium or any other prosthetic material 
can be used (26, 27). 

Lung resection should be considered only after 
careful evaluation of lung function. In most of the cases 
with limited involvement of the anterior segment of the 
upper lobe or the lingula, a stapled wedge resection 
is adequate; however, in the case of deeper invasion, 
lobectomy or segmentectomy should be preferred.

Pneumonectomy or extrapleural pneumonectomy 
is rarely performed but is preferred in invasion of pul-
monary hilum or pleura. 

There are many clear criteria that define phrenic 
nerve invasion / injury of:

1)	The operation report describes phrenic nerve 
resection en block with the tumor;

2)	The pathologic examination reports description 
of a phrenic nerve segment within the surgical 
specimen;

3)	Hemidiaphragm elevation evident at postopera-
tive chest x-ray was not evident before the opera-
tion (28).

The sacrifice of one phrenic nerve is not a con-
traindication and it does not carry any major conse-
quence. The resection of both phrenic nerves should 
be avoided because it can seriously compromise lung 
function. In the resection of one phrenic nerve, a pro-
phylactic diaphragm plication should be performed at 
the time of thymectomy (23). Bilateral involvement of 
the nerves from the tumor should be treated by try-
ing to remove the neoplasm while leaving the nerves 
intact. Since it could result in a diaphragmatic paraly-
sis, the impairment of the weak blood supply to the 
nerves should be avoided (23). More caution should be 
paid during these manoeuvres with patients affected 
by Myasthenia Gravis (MG) or in those with limited 
respiratory reserve. 

More serious technical problems are related to 
vascular reconstructions. Brachiocephalic vein(s) and 
superior vena cava (SVC) should only be resected and 
reconstructed if complete resection can be obtained,. 
An invasion of less than 30% of the circumference of 
the SVC allows a partial resection of its wall and it can 
be repaired using a patch or through direct suture; 
autologous material, such as the pericardium or a 
venous patch, can be useful in these cases. A com-
plete resection of the vessel with a prosthetic recon-
struction should be performed in the case of a large 
circumferential involvement of the wall. The potential 
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complications related to clamping makes these pro-
cedures a major technical challenge (29). On the other 
hand, partial clamping of a chronically obstructed SVC 
is well tolerated. In the event that complete clamping 
of a patent SVC must be applied, this could end in an 
important hemodynamic imbalance, with an increment 
of venous mean pressure in the cephalic region and 
a reduction of the arterial-venous gradient within the 
brain. Cerebral hemorrhage, edema and damage can 
be consequences; an intra-extraluminal shunt place-
ment and a specific pharmacologic treatment may 
reduce this hemodynamic disorder. 

The length of the conduit should be adapted to 
avoid tension and kinking. In the involvement of both 
brachiocephalic veins, the anastomosis of one of the 
two innominate veins with the inferior SVC stump and 
the closure of the contralateral one is the approach 
of choice The reconstruction of both veins with 
separate conduits leaves the patients at high risk of 
thrombosis and should always avoided. However, the 
scientific literature (15) has reported cases where a 
complete resection of the SVC and both innominate 
veins, followed by a reconstruction with a Y shaped 
prosthesis, has been successfully performed. This 
procedure is preferred if neck surgery for a thyroid 
cancer and/or radiotherapy makes the cervical anasto-
moses between the two contralateral venous systems 
unavailable. 

Synthetic materials such as polytetrafluoroethyl-
ene-PTFE-grafts or bovine pericardium are used fre-
quently for SVC reconstruction. The presence of even 
and stiff edges and the rare occurrence of retraction 
are the advantages of the use of bovine pericardium 
(30). The PTFE is the most widely used among the 
synthetic materials due to the fact that, shortly after 
the implantation, it is re-epithelialized with autologous 
epithelial cells and this material also shows extremely 
favourable long term patency data. 

Only the reconstruction of the left brachiocephalic 
vein, not of the entire SVC, is allowed by autolo-
gous venous grafts, considering its limited diameter. 
Suturing the vessel in a spiral fashion around an 
adequate support such as a syringe or a chest drain-
age allows creation of a saphenous vein graft with an 
adequate diameter (31).

Biological materials can be useful in case of patch 
reconstruction. The resistance to tension and pres-
sure, adequate thickness, the fact that a separate 
surgical procedure for harvesting is not required, 
and availability even in the case of a lateral thora-
cotomy approach are the advantages that have made 

the bovine pericardium widely used. The sizing of 
an autologous pericardium is more difficult since it 
becomes shorter and tends to curl; therefore, the 
original method, with glutaraldehyde used for fixing 
the patch, has been suggested (32). This method 
makes tailoring much easier because it avoids shrink-
ing and curling of the patch and allows stiff edges to 
be obtained. Cardio-pulmonary bypass (CPBP) should 
be employed only in selected cases with difficult pre-
sentations, such as intracaval-intra-atrial involvement 
of the SVC (33-36). In a smaller number of cases an 
en block resection of ascending aorta and pulmonary 
vessels has also been reported (25, 37, 38). Although 
this approach is possible, it should be applied only in 
order to reach complete resection and it is consid-
ered an unfavourable long term prognostic factor (39). 
CPBP is required to support these procedures, also in 
case of necessity of reconstruction of the aortic arch 
(25), when even circulatory arrest and retrograde brain 
perfusion might be required.

RESULTS

Stage III thymic tumors might be difficult to evalu-
ate in terms of outcome since the approach described 
in the literature is extremely heterogeneous., from 
surgery alone to the administration of induction and 
adjuvant chemo radiotherapy, and a combination 
of them (5, 8-13, 24, 40-44). Notwithstanding this 
aggressive multimodality approach at 5-year-local and 
distant recurrences are still present; 5-year survival 
rates range from 46% to 88%; at 10 years the range is 
from 26% to 84% (24, 45-47). The inclusion of cases 
undergoing partial resection and the administration 
of neoadjuvant and adjuvant therapy outside clinical 
trials and without clear indications favoured this wide 
variation in terms of results. At this stage, surgery 
is rarely performed as the only treatment. Complete 
resection is an important factor to achieve successful 
results, especially at this stage, as reported by a num-
ber of studies (24, 39, 48-55). The R0 status and stage 
II tumors are the most important prognostic factor, 
as previously reported by a multivariate analysis in a 
group of 307 patients. Considering the stage irrelevant 
if the model included a complete resection, the study 
showed complete surgical resection as the only impor-
tant prognostic factor (48).

According to this background, an aggressive sur-
gical approach should be preferred and, if complete 
resection cannot be anticipated preoperatively, neo-
adjuvant therapy should be administered, since due 
to this treatment the survival rate can be increased 
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(8-13). In the group of patient treated with a multimo-
dality approach (neoadjuvant and adjuvant therapy) 
the completeness of resection loses its statistical sig-
nificance (11). However, the limited number of patients 
in each study may lower the impact of these findings 
that, so far, have not been reported by other groups 
(9, 13). We can postulate that the goal of complete 
tumoral clearance in this setting is achieved thanks 
to the combined modality treatment that makes the 
resection less crucial (11). Also, in order to allow the 
complete clearance of the bed of the tumor, postop-
erative radiotherapy over the anterior mediastinum 
shows greater efficacy after an induction therapy and 
in association with adjuvant chemotherapy. Thanks to 
this observation, the GETT classification could have 
more weight revising the staging system, even if it 
plays a significant role only preoperatively.

The role of surgery in management of thymic 
tumors has been recently evaluated in a system-
atic review (56). A literature search on publications 
in English between 1981 and 2007 formed the basis 
of that study. A prospective randomized controlled 
trial and 23 retrospective series with between 40 
and 1093 patients represent the final analysis and all 
patients included in these studies underwent different 
combinations of surgery, chemo and radiotherapy. 
According to that review, these are the evidence-
based conclusions for stage III thymoma treatment:

-	 A complete resection of stage III thymomas 
should be attempted by the surgeon in order 
to increase survival (C1: methods weak; effects 
clear);

-	 A subtotal resection associated with an adjuvant 
therapy could be applied believing that they will 
increase survival (C2: methods weak; effects 
equivocal);

-	 Median sternotomy should be the preferred 
access for the surgery of stage II thymomas since 
it permits better exposure of the neoplasms and 
is extremely helpful for intraoperative macro-
scopic staging (C2: methods weak; effect clear).

In conclusion, surgery still plays a significant role 
in the treatment of stage III thymic neoplasms and 
is the first choice where complete resection can be 
anticipated during preoperative work up. A complete 
resection could be eventually achieved in the case 
of invasive neoplasms after induction chemotherapy; 
the latter can be helpful in reducing the volume of the 
mass and obtaining downstaging. Adjuvant treatment 
after complete resection needs validation through 
prospective randomized trials, except in the case of 
incomplete resection or simple debulking where this 
therapy is clearly recommended. 
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