
© Journal of Visualized Surgery. All rights reserved.   J Vis Surg 2018;4:189jovs.amegroups.com

Page 1 of 26

Introduction

In the last decades increasing attention has been attributed 
to thymomas considered a neoplasm with evident or 
potential malignant characteristics. They represent the most 
common primary anterior mediastinal neoplasm in adult 
and complete surgical removal is still considered the best 
therapeutic option (1-6). 

To date, controversies still exist about the best way for 
surgical approach to the tumor, the adequacy of extent 
resection, the best sequence of therapeutic strategy as well 
as the most reliable prognostic indicators. Our series of 
thymectomy for thymoma dates several decades. Along this 
period we approached thymomas through different surgical 

routes yet always aiming at the complete removal of the 
tumor together with the whole thymic gland, periglandular 
fatty tissue and involved adjacent structures as well. We 
investigated the biological prognostic factors predicting 
long-term survival and postoperative recurrence. Hereby, 
we retrospectively reviewed our long experience analyzing 
long-term outcomes.

Methods 

Patients 

This is a retrospective, chart Institutional Review Board 
authorized, analysis of all patients who underwent 
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thymectomy for thymoma in different centers by a single 
surgeon (TCM) from 1986 to 2015. 

Procedures were carried out at the Thoracic Surgery 
of St. Eugenio Hospital of Rome [1986–2002] and the 
Thoracic Surgery Division of the Policlinic Tor Vergata 
University of Rome [2002–2015]. In addition, operations 
performed in private hospitals were also included. 

The Tor Vergata Foundation Institutional Review Board 
authorized the revision of the charts. Due to the long time 
period considered and the different clinical institutions 
involved permission was issued with waiver of informed 
consent from the uncontactable patients (PTV No. 2017-
187-3).

According to these bases we enrolled in the study a total 
of 225 patients operated on extended resection of thymoma 
with total thymectomy in all disease stages. Demographic 
and clinical data are resumed in Tables 1 and 2. All patients 
routinely underwent studies to detect incidentally associated 
myasthenia gravis (MG) that included single-fiber 
electromyography and acetylcholine-receptor antibodies 
dosage ethical statement. 

Surgery

Complete curative resection of the thymoma was always our 
main task whatever the surgical approach. Equally to non-
thymomatous thymectomy also in thymomas the resection 
was as extended as possible including all mediastinal 
perimeter, likely site of thymic tissue, but also exploring lung 
and pleural cavities. In preparation for surgery all patients 
underwent chest computed tomography (CT) scan, magnetic 
resonance (MR), pulmonary function tests, appropriate 
cardiac assessment and preoperative blood work. Since 
2005 positron emission tomography (PET) combined with 
CT was routinely introduced (7,8). Patients with MG were 
optimized in conjunction with referring neurologist. All MG 
patients underwent Ambrogi’s rehabilitation protocol (9). 
Needle biopsy were never performed. We always used the 
first Masaoka staging system (10).

When the tumor was massively extended we only 
adopted to de-bulk the mass. The involvement of 
mediastinal structures was anyway treated with adequate 
resection of mediastinal fat around the great vessels. All 
patients predicted at stage IV and someone at stage III 

Table 1 Patients’ characteristics and early postoperative results for thymic tumors 

Variables Thymoma (n=225) Thymic carcinoma (n=17) Carcinoid (n=7) Thymolipoma (n=8)

Age (years) 47.5±15.3 46.2±15.5 50.4±15.1 32.3±14.3 

Gender (M:F) 127:98 (56%:44%) 8:9 (47%:53%) 3:4 (43%:57%) 4:4 (50%:50%)

Myasthenia Gravis 80 (35.6) – 1 (14.3) –

Chest pain 33 (14.7) 16 (94.1) 4 (57.1) 2 (25.0)

Dyspnea 29 (12.9) 14 (82.4) 3 (42.9) 7 (87.5)

Venous obstruction 22 (9.8) 15 (88.2) 1 (14.3) –

Asymptomatic 106 (47.1) 1 (5.9) 3 (42.9) 1 (12.5)

Diameter (cm) 5.51±3.25 7.31±4.25 5.21±1.38 14.38±5.61

Operation time (min) 165±43.7 158±71.2 143±41.2 125±41.7

Intraoperative blood loss (mL) 143±55.6 181±59.5 121±29.3 91±33.4

Postoperative drainage (days) 3.3±1.6 4.2±1.8 3.4±2.2 5.2±1.5 

Postoperative stay (days) 5.2±1.3 6.9±1.0 3.3±1.4 4.4±1.4 

30-day mortality – – – –

30-day major morbidity 13 (5.8) 3 (17.6) 1 (14.3) 1 (12.5)

Complete resection 189 (84.0) 3 (17.6) 6 (85.7) 8 (100.0)

Recurrent cases 55 (24.4) 14 (82.4) 1 (14.3) –
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preoperatively received induction chemotherapy in the 
hope of downstaging the disease. 

Type of approach and resection were always discussed 
and chosen after panel discussion among specialists of 
oncology, radiotherapy, anesthesiology, intensive care, 
neurology, pulmonology and physiotherapy. 
Total median sternotomy
The experience with sternotomy dated since one of us 
(TCM) was assistant professor at Thoracic Surgery Division 
of La Sapienza Rome University under the direction of 
Professor Costante Ricci, mentor and pioneer of thoracic 
surgery in Italy (11,12). This approach has been classically 
used for the management of the tumors of the anterior 

mediastinum and cardiac pathologies. For decades full 
sternotomy fulfilled all the requirements to treat thymomas 
at any stage. This approach was progressively abandoned 
given the increasing popularity of video-assisted thoracic 
surgery (VATS). However, transternal approach is still 
performed in invasive thymomas and whenever concomitant 
demolition and reconstructive procedures are required. 

Transternal thymectomy was accomplished as usually 
described (13-16). As a rule transternal thymectomy entails 
total thymectomy for all Masaoka stages. Resection also 
includes all fat tissue in the anterior mediastinum from 
one phrenic nerve to the other and from the diaphragm 
to the bottom of the thyroid gland. The innominate axis 

Table 2 Patients’ characteristics and early postoperative results for thymomas according to the type of approach 

Variables Total (n=225) Open (n=182) Minimally (n=43) P

Age (years) 47.5±15.3 46.2±15.5 50.4±15.1 0.19

Gender (M:F) 121:94 (56%:44%) 106:76 (58%:42%) 20:23 (46%:52%) 0.09

Myasthenia gravis, n (%) 80 (35.6) 68 (37.4) 12 (27.9) 0.3

Masaoka stage, n (%) 0.002

I 92 (40.9) 64 28

II 76 (33.8) 66 10

III 41 (18.2) 39 2

IV 16 (7.1) 16 –

WHO classification, n (%) 0.52

A 31 (13.8) 23 8

AB 76 (33.8) 58 18

B1 67 (29.8) 56 11

B2 33 (14.7) 29 4

B3 18 (8.0) 16 2

Diameter (cm) 5.51±3.25 7.31±4.25 2.59±1.44 0.03

Operation time (min) 165±43.7 151±44.5 175±42.9 0.41

Intraoperative blood loss (mL) 143±55.6 153±54.5 113±25.4 0.03

Postoperative drainage (days) 3.3±1.6 4.1±1.6 1.5±1.1 0.02

Postoperative stay (days) 5.2±1.3 6.3±1.7 3.2±1.5 0.04

30-day mortality – – – –

30-day major morbidity 12 (5.3) 10 (5.5) 2 (4.7) 0.06

Complete resection 189 (84.0) 153 (84.1) 36 (83.7) 0.38

Neoadjuvant therapy 44 (19.6) 34 (18.7) 10 (23.3) 0.81

Adjuvant therapy 84 (37.3) 70 (38.5) 14 (32.5) 0.26
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is accurately skeletonized. Both pleural spaces are widely 
opened to permit complete exploration, evaluation of the 
extent of the tumor, as well as individuation of the phrenic 
nerves in order to prevent their damage unless directly 
involved by the tumor. Care should be taken to avoid 
damages to the phrenic nerve, but when it is incorporated 
within the tumor mass and complete resection is otherwise 
impossible, the nerve may be sacrificed. The en-bloc removal 
of the tumor and the gland is the primary goal avoiding 
capsule tears in order to limit potential disseminations and 
recurrences. The transternal approach facilitates the extent 
of resection and vessel reconstructions such as superior vena 
cava (Figure 1). Large pericardial defects are repaired by 
prosthetic mesh (Figure 2). Obviously, we observed all the 
amount of complications following sternotomy including 
partial sternal dehiscences. At the end of the operation 
mediastinal thymic bed is carefully inspected to be certain 
of both hemostasis and totality of thymectomy. In order 
to facilitate the pathologist’s task we usually collocate the 
main specimen and all fragments of resected fat tissue into 
a standard plastic cast mimicking the normal anatomy of 

the gland and its orientation in the mediastinal area. This 
expedient avoids the confusion that could emerge about the 
exact orientation of the tumor and resection margin status. 
In particular, in this map we highlight area adjacent to 
pericardium, innominate axis, superior vena cava, phrenic 
nerves and pleural cavities. This is very important to define 
the stage according to Masaoka, which we have routinely 
employed since the beginning of our experience. We have 
similarly transferred this setting in VATS and subxiphoid 
thymectomies.

In some cases sternotomy was combined with lateral 
thoracotomy in order to facilitate the extended resection 
including pericardium, innominate vein, superior vena cava, 
lung and diaphragm, and all detectable implants in pleura. 

VATS
We used transternal approach until the advent of VATS. 
As a matter of fact, starting from the mid ’90s with 
the introduction of the video-assisted technologies, 
minimally invasive thymectomy took progressively place 
although majority of the procedures had been still done 

Figure 1 First reconstruction of the superior vena cava for Masaoka stage III thymoma performed in 1988. (A) Chest CT scan showing a 
large tumor in the anterior mediastinum; (B) venography; (C) intraoperative setting showing concomitant pericardiectomy; (D) surgical 
specimen.
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through open access due to supposed better neoplastic 
radicality. We have performed triportal VATS extended 
thymectomy for nonthymomatous MG since 1996 (17). 
Initially, we chose the left-side approach as described in 
our previous paper (18) and then also preferring the right-
side according to the convenience (19). With the accrual 
of confidence in minimally invasive procedures, in 2005 
we started a program of VATS extended thymectomy for 
small and early-stage thymomas (Figure 3). In performing 
VATS thymectomy we always followed the principles of 
minimally invasive resections of thymomas published by the 
International Thymic Malignancies Interest Group (20). 

VATS was usually approached through only one side chosen 
according to the prevalence side-location of the tumor as 
evidenced by imaging. 

In the case of preoperative prediction or evidence at 
first exploration of involvement of the phrenic nerve, 
innominate vein or other major vessels, VATS procedure is 
contraindicated. However, video-assisted manipulation of 
the phrenic nerve by itself may be not difficult depending 
on the surgeon’s experience. Gentle retraction is mandatory 
and this is easier in less invasive tumor. If this is not feasible 
the opportunity of conversion to open access should be 
taken into account. 

Left-sided VATS approach is used for large tumors. In 
these cases it may be useful to first remove the tumor and 
then the thymic gland. Dissection is facilitated by the use of 
novel energy devices.

After en-bloc removal of tumor and gland, the fat tissue 
lying in the left anterior mediastinum and cardiophrenic 
angle is removed. This is particularly important when MG 
is associated. If adherent to the thymic tumor the fat tissue 
in the aorto-pulmonary window must be removed having 
care to preserve the phrenic nerve, recurrent laryngeal 
nerve as well as pericardial-diaphragmatic vessels. When 
the pericardium is tightly connected to the tumor it must 
be opened 1 cm around the lesion and in front of the 
phrenic nerve in order to better protect the affected area 
and exclude myocardial involvement. If myocardium is 
involved conversion to thoracotomy becomes necessary in 
order to resect the lesion. The adherent pericardium should 

Figure 3 First VATS thymectomy for Masaoka stage II thymoma performed in 2005. (A) Chest CT scan view: thymoma is evidenced by the 
yellow circle; (B) surgical specimen.

Figure 2 A large pericardial defect following extended thymectomy 
for stage III thymoma repaired by prosthetic mesh. 

A B
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be removed. Small pericardial defects between 4–6 cm in 
diameter, are repaired under thoracoscopy by continuous 
cross-stitching using no.1 absorbable sutures. A Marlex 
mesh is utilized for larger defects in order prevent heart 
hernia. 

Then, the right mediastinal pleura is widely opened to 
remove the fat tissue in the right anterior mediastinum 
and cardiophrenic angle. This is a very important step in 
myasthenic patients because pathologic examination of 
these areas can disclose ectopic thymic tissue sustaining 
persistent MG (21). 

If necessary, in order to adequately control the 
controlateral side, we add an uniportal opposite side access, 
which allows the exploration of the opposite side and the 
incidental removal of deposits. 

Mobilization of upper hornes of the thymus can be 
facilitated by a cervical port, 2 cm skin incision just above 
the sternal notch, used as an adjuvant access. The upper 
poles of the thymus are identified and mobilized similar 
to transcervical thymectomy. Then, they are placed in 
the superior mediastinum to be located during VATS. 
Despite the minimal invasiveness VATS permits the 
resection of limited invasion of neighboring structures 
such as innominate vein, lung and pleural deposits allowing 
similarly extensive resection than those performed through 
median sternotomy. Namely, innominate vein can be easily 
sutured by linear stapling device. During VATS dissection, 
particular care deserves capsule manipulation thus avoiding 
tears and potential pleural dissemination. Similarly to the 
resected neoplastic thymus, all the material dissected is 
placed in a specimen bag to be extracted out to limit the risk 
of local dissemination. Whenever necessary the removal 
of huge specimen can be feasible through a subxiphoid 
approach that we had largely employed in the surgery of 
lung metastases (22). 

After having gained experience with the three-portal 
approach and whenever allowed by CT evidence of an 
early-stage thymoma we have lastly come to the uniportal 
approach with excellent results (Figure 4).

Subxiphoid VATS approach
Since 2010 we called at the subxiphoid VATS approach 
that has been successfully introduced with a consistent 

Figure 4 Recent uniportal left-sided VATS for Masaoka Stage II 
thymoma performed in a 27-year old girl. (A) PET-CT imaging 
showing elevated uptake of the lesion; (B) surgical setting with the 
camera inserted in the posterior end of the wound; (C) left upper 
horn dissection by energy device; (D) surgical specimen with a 
small thymoma (circle).
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postoperative recovery yield. A 2.5–3.5 cm transverse skin 
incision is made 1–2 cm below the lower edge of the xiphoid 
(Figure 5). The anterior layer of the rectus sheath is cut 
and digitally dissected on the reverse side of the xiphoid. 
A plastic self-standing sleeve retractor (Alexis® Applied 
Medical, Amersfoort, Netherlands) is inserted and fixed. If 
necessary, additional bilateral transthoracic incision is added 
to facilitate lung and pleura deposits removal. The thymus is 
carefully dissected from caudal to cephalad avoiding capsule 
tears. A cervical incision is added whenever necessary both 
to facilitate cervical dissection of the upper thymic horns and 
to complete resection at this level. When closely connected 
with the tumor combined resection of the innominate vein 
can be safely executed through this route by dedicated 
stapling devices. At the end of operation all resected 
specimens are removed through the subxiphoid route, that 
can be enlarged according to the size of the tumor, using a 
dedicated plastic endobag. After the removal of the tumor 
the fat tissue in the anterior mediastinum and both cardio-
phrenic angles is cleaned and extracted in same way. 

Postoperative surveillance and follow up

Postoperatively MG patients were assisted in the thoracic 
surgery ward or, when necessary, in the intensive care 
unit. Patients with MG reintroduced their usual dosage 
preoperative medications immediately after surgery (23). 
Several precautions were recommended for a minimum of  
6 weeks after sternotomy while no caution were suggested 
in VATS patients. 

All patients after the surgical procedure patients 

underwent at least a CT scan of the chest every 6 months 
for the first two years and afterwards yearly. Adjuvant 
therapy with combined radio and chemotherapy was 
performed in the case of young subjects (less than 50-year-
old) at stage II independently from resection margin finding 
and in all patients at stage III. 

Follow up was performed by outpatient clinics and 
direct contact with the primary care physician. Recurrence 
represents the most critical discriminator in the follow up 
of long-surviving neoplastic disease and were divided into 
three categories. Local recurrences were defined as disease 
occurring in the bed of the thymus that is the anterior 
mediastinum or tissues immediately contiguous with the 
thymoma or normal thymus. Regional recurrences were 
defined as intrathoracic tumor that is not immediately 
contiguous with the thymus or the previous thymic tumor 
including parietal or visceral pleura and pericardial nodules, 
with exception of the area of resected thymoma. Distant 
recurrence was disease sited outside the thorax including 
lower neck (24). 

Information regarding survival and clinical status were 
retrieved during outpatient sessions or by telephonic 
enquires. Second recurrence was identified after radical 
treatment of the first recurrence. 

In the concomitance of MG the evolution of the 
disease was analyzed with the Osserman scale (25) and the 
Quantitative MG score (26) at timed interval. This last score 
was introduced starting from 2000 and entails a scale from 
0 (no impairment) to 39 (maximal impairment) evaluated 
by an experienced neurologist belonging to our Myasthenia 
Unit. Evaluations prior to 2000 were retrospectively 

Figure 5 First subxiphoid VATS thymectomy for Masaoka stage II thymoma performed in 2014. (A) Chest CT sagittal view, (B) 
intraoperative setting, (C) surgical specimen. 
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assessed with the same score according to clinical data of 
MG status. Prior to thymectomy we use to administrate a 
plasmapheresis cycle or intravenous immunoglobulin G in 
order to minimize the risk of thymectomy MG exacerbation 
and myasthenic crisis. All patients with MG underwent a 
structured pre and postoperative rehabilitation program 
according to our Myasthenia Unit guidelines (27).

Statistical analysis

Statistical analysis was performed using the SPSS package, 
version 20.0 (IBM, Armonk, NY, USA). Descriptive 
statistics was presented as mean and standard deviation. 
Due to the non-normal distribution of some variables, 
non-parametric tests for paired, and unpaired comparisons 
(Wilcoxon-sum rank and Mann-Whitney, respectively) 
were used. Significance was set at P<0.05. Overall and 
disease-free survivals were assessed with the Kaplan-Meier 
method starting from the time of the operation. The day 
of the operation was the initial point in both disease-
free and overall survivals whereas the day of recurrence 
discovery and the day of last-follow up or death were the 
endpoints, respectively. Obviously, patients undergoing 
only incomplete resections were investigated only as far 
as overall survival is concerned. Due to the long-time of 
follow up also death of other cause were considered and 
kept separated from the evaluation. In addition also further 
disease free survival times after any redo surgery were 
evaluated. Prognostic factors evaluation was performed with 
the log rank test. 

Also time to complete stable remission from thymectomy 
was estimated with the Kaplan-Meier method. Influence 
of thymoma on complete stable remission curve was 
performed by the log rank test.

Results 

A total of 182 cases used full median sternotomy, in eight 
cases combined with a muscle-sparing thoracotomy. 
The total of minimally invasive procedure successfully 
performed was 43 divided as follows: triportal unilateral 
VATS (n=16), bilateral VATS (n=8), combined cervical 
VATS (n=5), combined subxiphoid VATS (n=7) and finally 
uniportal VATS subxiphoid (n=7). Another 9 cases initially 
approached through VATS were converted to sternotomy 
to allow oncological completeness of resection (n=6), and 
great vessels invasion unpredictable at preoperative CT 
examination (n=3). Furthermore, in 4 instances minimally 
invasive procedures were successfully carried out under 
non intubated modality through a laryngeal mask and 
intravenous sedation.

A total of 189 (84.0%) patients had complete resection of 
the thymoma together with extended thymectomy (Table 3), 
whereas the remaining 36 patients, had incomplete thymic 
resections due to the extensive local diffusion of the disease 
despite induction therapy (n=16) or presence of unexpected 
metastases (n=8) or evidence of microscopic tumor 
infiltration on the resection margins (n=12). Complete 
resection was correlated to the stage of the disease with a 
100% resection rate at stage I, 90% at stage II, 45% at stage 
III and 17% at stage IV, respectively. Symptoms at onset 
are summarized in Table 1. Notably, asymptomatic patients 
were 96 (44.6%) whereas venous obstruction was described 
in 21 patients (9.7%) (Figure 6). MG was diagnosed 
preoperatively in 80 (37.2%) instances and details of 
these patients are summarized in Table 4. Other associated 
pathologies were pure red cell aplasia (n=7), polymyositis 
(n=5), hypogammaglobulin (n=3), erythroderma (n=1) and 
limbic encephalitis (n=1). 

Microscopic thymomas

During the examination of thymic specimens removed by 
sternotomy (n=3) and VATS (n=3) for MG we incidentally 
encountered 6 microscopic, less than 1 mm in diameter, 
thymomas (28) and another one was discovered in the wall 
of a thymic cysts removed by VATS (Figure 7). 

Figure 6 Chest CT imaging of a Masaoka stage III involving the 
innominate vein (arrows). Superior vena cava was not involved. At 
surgery tumor was completely en bloc resected with innominate 
vein. 
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Table 3 Patients’ characteristics for completeness of resection 

Variables Total (n=225) Complete (n=189) Incomplete (n=36) P

Age (years) 47.5±15.3 43.4±13.6 51.5±17.0 0.09

Gender (M:F) 121:94 (56%:44%) 104:85 (55%:45%) 21:15 (59%:41%) 0.45

Myasthenia gravis, n (%) 80 (35.6) 69 (36.5) 11 (30.6) 0.63

Masaoka stage, n (% of total) 0.0001

I 92 92 (100.0) –

II 76 70 (92.1) 6 (7.9)

III 41 23 (56.1) 18 (43.9)

IV 16 4 (25.0) 12 (75.0)

WHO classification, n (%) 0.001

A 31 (13.7) 31 –

AB 76 (33.8) 70 6

B1 67 (29.8) 57 10

B2 33 (14.7) 23 10

B3 18 (8.0) 8 10

Diameter (cm) 5.51±3.25 4.37±3.18 7.75±5.23 0.03

Surgical approach 0.38

Open 182 (80.9) 153 29

minimally invasive 43 (19.1) 36 7

Figure 7 Sagittal (above) and axial (below) view of a chest CT scan showing a 2 cm thymic cyst (circle) hiding in its wall a microscopic 
thymoma in a non-myasthenic patient.

Operative and postoperative data

Operative data regarding extent of the resection, blood 
loss, diameter and histology of the tumor, operative time, 
stage of the disease are reported in Table 2 and divided 
for surgical approach. Significant differences were found 

for blood loss in favor of minimally invasive approaches. 
Combined resections were performed in 53 instances 
including pericardium (n=39), lung (n=31), pleural (n=27), 
diaphragm (n=4), innominate vein (n=21), superior vena 
cava limited partial resection of the anterior wall with a 
patch of autologous pericardium (n=3) and entire superior 
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vena cava with prosthetic graft bypass (n=6) (Figure 1) or 
lateral pericardial patch (n=6) (Figure 2) and entailing more 
than one structure resected in 41 instances. Eight patients 
experienced a left (n=2) and right (n=6) phrenic nerve lesion 
due intraoperative surgical maneuvers (n=4) and tumor 
involvement (n=4). 

Early postoperative data including drainage time, 
hospital stay, mortality rate and major morbidity rate are 
summarized in Tables 1 and 2. As expected data concerning 
minor impact of minimally invasive procedures are 
significantly evident, whereas 30-day major morbidity rate 
did not reach the required threshold. 

Recurrence pattern

Fifty-five (24.4%) patients recurred (Table 5). Eighteen 
patients had a local recurrence and 33 distant intrathoracic 
relapse: lung (n=5), diaphragm (n=2), parietal pleura 
(n=19) and combined (n=7). In 4 patients we described 
distant extrathoracic metastases. The surgical approach 
was not correlated to recurrence pattern (Table 6). 
Mean disease–free interval for recurrent patients was  
30.5±22.3 months. Mediastinal recurrences developed 
earlier than nonmediastinal ones (mean interval 27±13 vs. 
37±25 months; P=0.02). Recurrence rate ranged from 
2.1% (n=2) at stage I, to 23.6% (n=18) at stage II, 56% 
(n=23) at stage III and 75% (n=12) at stage IV, respectively. 
The recurrences were asymptomatic in 19 patients and 
the diagnosis was revealed by CT scan abnormalities  
(Figure 8). Chest symptoms were present in 11 patients, and 
MG worsen or recurrence was described in 6.

Recurrence treatment and redo surgery

We reported 71 operations for intrathoracic recurrence 
whose features are summarized in Table 6. Fifty-one patients 
came from our personal series whilst the remaining 20 ones 
had previous thymectomy in other centers. Thus, 4 patients 
refused the second procedure or chose a different center 
for the treatment of the recurrence. In 32 of the recurred 
patients we demonstrated a change into a more aggressive 
WHO histology. Given the extent of the recurrence, 13 
patients received preoperative chemotherapy with the same 
protocol used after the primitive one. The new resection 
was performed through total median sternotomy (n=11), 
lateral thoracotomy (n=19), clamshell bithoracotomy 
(n=5), bilateral staged thoracotomies (n=4), bilateral VATS 
(n=21) and combined subxiphoid VATS approach (n=11) 
(Figure 9). Global postoperative major morbidity rate was 
31% with a significant lower morbidity for minimally 
invasive reoperations (P=0.03). Complete resection of 
the recurrence was achieved in 23 mediastinal and 30 
nonmediastinal recurrences (lung, n=7; diaphragm, n=3; 
parietal pleura, n=21 and combined, n=9). Chemotherapy 
was usually performed after complete re-resection as 
well. The remaining 18 patients (7 mediastinal and 11 
nonmediastinal) underwent incomplete resection followed 
by radiotherapy and chemotherapy. We also experienced in 
19 (27%) of the 71 operated patients a second recurrence, 
which deserved a non-surgical medical treatment in 7 and 
a third operation in 9 instances preceded by new induction 
chemotherapy cycle in 4 cases. The remaining patients 
refused any modality of treatment. 

Table 4 Demographics of patients with myasthenia gravis and thymomas 

Variables Total (n=80) Open (n=68) Minimally (n=12) P

Frequency (% of total) 37.2 39.5 27.9 0.24

Age (yrs) 46.6±14.9 44.1±13.7 53.1±18.2 0.19

Sex (M vs. F) 53 vs. 27 45 vs. 23 8 vs. 4 0.11

Class (I–II vs. III–IV) 47 vs. 33 39 vs. 29 8 vs. 4 0.76

Stage (I vs. II vs. III vs. IV) 35 vs. 28 vs. 15 vs. 2 28 vs. 24 vs. 14 vs. 2 7 vs. 4 vs. 1 vs. 0 0.25

WHO (A, AB, B1 vs. B2, B3) 60 vs. 20 51 vs. 17 9 vs. 3 0.65

MG score 19.8±10.3 23.5±11.7 16.3±8.7 0.13

Major morbidity 9 (11.3) 8 (11.8) 1 (8.3) 0.73

Recurrence, n (%) 23 (28.8) 20 (29.4) 3 (25.0) 0.75
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Table 5 Patients’ characteristics for recurrence of thymomas for original Masaoka stages 

Variables Total (n=55) Stage I (n=2) Stage II (n=18) Stage III (n=23) Stage IV (n=12) P

Frequency (% of stage) 24.4 2.1 23.6 56.0 75.0 0.001

Mean time to recurrence (mos) 30.5±22.3 92.5±24.7 47.5±43.7 22.9±14.7 10.5±4.1 0.002

Myasthenia gravis, n (%) 20 (36.4) 2 (100.0) 8 (44.4) 8 (34.8) 2 (16.7) 0.17

WHO classification 0.98

A, n [% of histotype (N=31)] 3 (9.6) – 1 2 –

AB, n [% of histotype (N=76)] 12 (15.8) 1 4 7 –

B1, n [% of histotype (N=67)] 13 (19.4) 1 5 5 2

B2, n [% of histotype (N=33)] 14 (42.4) – 4 5 5 

B3, n [% of histotype (N=18)] 13 (72.2) – 4 4 5 

Previous surgical approach 0.07

Open, n (% of 182) 49 (26.9) 2 16 22 9

Minimally invasive, n (% of 43) 6 (14.0) – 2 1 3

Site, n (%) 0.91

Original tumor bed 18 (32.7) 1 9 7 1 

Pleura 19 (34.5) 1 5 7 6

Lung 5 (9.1) – 1 3 1

Diaphragm 2 (3.6) – – 1 1

Combined 7 (12.7) – 3 3 1

Distant metastasis 4 (7.3) – – 2 2

Long-term survivals 

Long term results are summarized in Table 7. Patients were 
followed for a mean period of 174.8±91.1 (range, 27–355) 
months allowing at least two years of minimum follow up. 
The longest overall survival was noted by far in patients 
who achieved complete surgical resection (Figure 10). Once 
considered only patients who received complete resection 
overall survival at 5, 10 and 15 years were 98%, 90% and 
84%, respectively. In our study group we documented 
a total of 61 deceased subjects, 30 for thymoma-related 
causes and the remaining ones not apparently due to this 
condition, but to cerebrovascular disease (n=11), cardiac 
disease (n=13), trauma (n=4) and other neoplasms (n=3). 

Disease free survival (Figure 11) was estimated at 5 years 
91%, at 10 years 82% and at 15 years 78%, respectively. 
First recurrence pattern is described in the previous 
paragraph. The stage according to Masaoka proved a 
significant indicator of overall (P=0.007) and disease 

free (P=0.004) survivals (Figure 12). Namely, the stage I 
presented 5-year overall and disease-free survivals of 100% 
and 95%, stage II of 97% and 92% and stage III of 91% 
and 87%, respectively. As far as 10-year overall and disease-
free survivals were 95% and 91% at stage I, 88% and 85% 
at stage II, 82% and 79% at stage III. Stage IV was by far 
the stage with lowest overall survival rates presenting 13% 
at 5 and 0% at 10 year, respectively.

Histology according to WHO was another significant 
predictor of overall (P=0.01) (Figure 12) and disease-free 
survival (P=0.03) (Figure 12) and a worse prognosis was 
experienced in B3 thymomas. 

The surgical approach (open vs. minimal) did not 
influence overall and disease survivals although is important 
to underline that the observation period for minimally 
invasive group was significantly shorter than that for open 
access. Interestingly, we experienced a significantly better 
quality of life at 5 years after minimally invasive procedures.

The presence of MG did not represent by itself a bad 
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Table 6 Redo operations for surgical approach 

Variables Total (n=71)* Open (n=39) Minimally (n=32) P

Previous surgery 

Sternotomy 39 28 11 0.5

Minimally invasive 32 13 19

Induction chemotherapy 49 37 12 0.002

Operation time (min) 189.4±57.9 211.7±64.8 175.3±42.9 0.55

Intraoperative blood loss (mL) 252.2±76.1 300.9±87.5 166.1±55.4 0.02

Postoperative drainage (days) 3.8 ±1.7 4.2 ±3.1 3.7 ±1.5 0.34

Postoperative stay (days) 5.4 ±2.6 5.9 ±4.2 5.5 ±2.7 0.13

30-day mortality 1 1 – 0.6

Major morbidity, n (%) 22 (31.0) 15 (38.5) 7 (21.9) 0.03

Completeness redo, n (%) 53 (74.6) 34 (87.2) 19 (59.4) 0.07

Second recurrence, n (%) 19 (26.8) 13 (33.3) 6 (18.8) 0.43

Mean second DFI (mos) 32.6±12.3 34.2±13.7 25.3±15.9 0.25

Second induction chemotherapy 13 9 4

Second procedure for recurrence, n (%) 19 (26.8) 14 (35.9) 5 (15.6) 0.12

Open 12 10 4

Minimally invasive 7 4 1

Radical second resection, [n (% of 2nd proc)] 8 (50.0) 7 (50.0) 1 (20.0) 0.31

*, also from different center (51 from our series)

prognosticator. As far as the neurological prognosis of the 
disease these patients achieved complete stable remission 
in 65% of the cases at 5 years from the procedure, which 
is a similar rate obtained in those myasthenic individuals 
without thymoma. Notably, we documented the onset 
of MG in 8 patients after a median period of 33 months 
from thymectomy (29). In this specific setting, the only 
significant predictor of post thymectomy MG onset was the 
high preoperative serum acetylcholine-receptor antibodies 
titer (>0.3 nmol/L). 

Biological prognostic factors

The role of biological factors in thymoma has attracted 
our attention since a long time. Since 2005 we reported 
the role of cell cycle proteins p53 high, p21 low and p27 
low expressions by immunohistochemical staining in 
the prognosis of thymomas (30,31). So far, we have the 
chance of reviewing cell cycle expression in 145 thymoma 
specimens. We found that combination p53 high, p21 low 

and p27 low was present in 44 patients (30%) and this 
subset had the lower significant disease-free and overall 
survivals (Figure 12). At the same time, we documented a 
worsening of these proteins expression in the recurrence 
tissue compared to the native ones in 14 of 33 recurred 
patients: these patients presented by far the poorest surgical 
results belonging all of them to the incomplete re-resection 
group and the lowest prognostic subsets.

In the present series we also investigated the role of the 
ratio of preoperative values neutrophil/lymphocytes, which 
is a never tested prognostic marker in the case of thymoma. 
These values are easily retrievable from the database and 
proved a reliable index of both tumor aggressiveness and 
host immune-competence. We found that patients with a 
preoperative ratio greater than the median value disclosed 
shorter disease-free and overall survivals (Figure 12).

Discussion

Herein we exposed a retrospective study concerning 
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thymectomy for thymomas spanning three decades. In this 
period extended thymectomy using the different approaches 
was performed by the same surgeon (TCM) through full 
median sternotomy, multiportal VATS and more recently 
subxiphoid VATS approaches. Data emerging from our 

surgical experience matches with those expressed in the 
literature dedicated to this tumor (32). However, it is 
important to note that during the span of time analyzed, 
surgical care as well as surgical approaches and anesthetic 
management had considerably changed and improved 
leading to better results.

Thymoma remains the most common thymic tumor. In 
general, they have been considered as benign lesion because 
of their very indolent grow pattern. However, local invasion, 
pleural dissemination as well as lung and diaphragmatic 
involvement and even recurrence and systemic metastases 
are all signs of relatively low malignant potential. Thus, 
these rare tumors should be faced as malignancies (33). 

Our experience hinges fundamentally on the full 
sternotomy. This access always satisfied our aim of 
accomplishing extensive and complete resections as 
much as possible that remains one of the most important 
determinant of long-term survival. The mise a plat of the 
mediastinum between the two hila and from the neck 
to the diaphragm represents the cornerstone to prevent 

Figure 9 Recent subxiphoid VATS thymectomy for a recurrent thymoma already operated through transternal thymectomy four years 
before. (A) Chest CT axial view and (B) CT-PET scan: recurrent thymoma is evidenced by the yellow circle; (C) subxiphoid incision and (D) 
surgical specimen. 

Figure 8 Growth pattern according to maximal diameter of a 
pulmonary recurrence from B2 thymoma estimated at chest CT 
scan performed every 6 months. Initially the patient refused 
surgery. Thereafter the lesion was successfully resected.

A B

C D
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Figure 10 Kaplan-Meier curve of thymoma-related death 
comparing patient undergoing complete with incomplete 
resections.

Figure 11 Kaplan-Meier curves of the whole study population 
representing disease free survival (DFS) after the first operation, 
thymoma-related survival (TRS) and overall survival (OS) 
regardless from cause of death. 

recurrences in the thymic bed, and in the pleural cavities 
and in the lungs as well. Sternotomy has been a standard 
mode of resection for thymoma both in presence or absence 
of MG. Furthermore, full sternotomy allows us the actions, 
whenever required, finalized at removing concomitant 
lesions in the pleural surfaces, lungs and diaphragm. This 
approach also permits the extended procedures in the case 
of great vessels and pericardium involvement. There is no 
doubt that sternotomy offers better visualization and wider 
operative field. In the lack of alternative options these 
advantages forced the surgeon to use this approach despite 
high and prolonged morbidity and long-term mortality. 
Poststernotomy complications increases with obesity, 
diabetes, advanced age and smoking habit. Steroid chronic 
treatment further increases the risk of wound infection 
and sternum dehiscence. As consequence, sternotomy may 
hardly compromise the normal daily activities for a long 

time. In addition, rate of complications and recurrences 
reported in retrospective and non-randomized studies 
does not consent to clearly conclude that sternotomy is a 
better approach than VATS for treatment of thymomas. 
Notwithstanding sternotomy remains still irreplaceable 
in locally advanced tumors that need wide demolitions 
and elaborate reconstructions. For these reasons we 
still recommend that sternotomy should belong to the 
background of any surgeon before approaching novel 
minimally invasive techniques.

Our experience with VATS is  more recent and 
numerically smaller than that acquired with sternotomy. 
However, we experienced all the advantages of this 
approach, which is gradually replacing full sternotomy 
unless in patients with evident invasive neoplasms. In this 
setting, as other surgeons, we paid a long time to acquire 
a better anatomic knowledge from the view point of the 

Table 7 Long term results for surgical approach 

Variables Total (n=225) Open (n=182) Minimally (n=43) P

Follow up (months) 174.8±91.1 197.1±87.8 85.5±25.4 0.0001

Postoperative MG, n (%) 8 (3.6) 8 (4.4) – 0.12

Quality of life (PCS) at 5 years 67.1±14.9 59±13.2 73±11.1 0.03

Local recurrence, n (%) 18 (8.0) 14 (7.7) 4 (9.3) 0.07

Distant intrathoracic relapse, n (%) 33 (14.7) 27 (14.8) 6 (14.0) 0.40

Distant metastases, n (%) 4 (1.8) 4 (2.3) – 0.09

Disease related mortality, n (%) 30 (13.3) 26 (14.3) 4 (9.3) 0.38
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Figure 12 Kaplan-Meier overall (right column) and disease free (DFS) (left column) survival curves for different prognostic factors: Masaoka 
stage, World Health Organization (WHO) histology, cell cycle protein expression and neutrophil lymphocyte ratio (NLR). 
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lateral side chest approach. Similarly, we spent a consistent 
period in learning to work in a more limited space that 
makes quite much hard dissecting the neoplastic thymic 
gland from the important adjacent structures. 

On these premises, in 1995 we started with the left 
VATS extended thymectomy for non-thymomatous MG 
(18,23). Subsequently, after having gained a significant 
experience, in 2005, we elected to perform thymectomy 
using VATS for small and early-stage thymomas as well. 
This innovative approach progressively replaced sternotomy 
providing proper visualization and enabling complete 
extended resection. At start, we have preferred the left 
approach for anatomical reasons that favor a more extended 
and safe thymic resection (18). However, both sides can 
be successfully employed and the choice of the side is in 
general related to the surgeon’s preference although the 
anatomical prevalence of one side over the other observed at 
CT is the hinge criteria (2,20,33-35). A number of technical 
modifications have been proposed over the years and to date 
VATS thymectomy has progressively affirmed all over the 
world as surgical option (36,37). 

The real efficacy, safety and long-term oncological 
outcomes of VATS are still under debate of thoracic 
surgeons (38). Results remain controversial when comparing 
the thoracoscopic and transsternal thymectomy for the 
treatment of thymoma. 

VATS proved more advantageous in the immediate 
postoperative period and short-term outcomes as well. 
Furthermore, VATS approach compared with classic 
sternotomy entails less intraoperative blood loss, negligible 
wound complications, as well as less postoperative acute 
and chronic pain, better cosmetic sequelae, reduced risk of 
respiratory and cardiac related complications. In general, 
patients receive benefits from lower hospital stay and 
rapid return to normal activities originating from VATS 
operation. Thus, we noticed a faster acceptance of the 
operation among both patients and physicians.

Given these clear advantages and minor complications 
compared to sternotomy, VATS has presently gained a 
wide popularity and superimposed to open accesses in the 
treatment of Masaoka stage I, II and part of III thymomas 
(33,39). At these stages equivalent oncological outcomes 
have been observed for VATS thymectomy when compared 
with transsternal thymectomy (35,40). Obviously, the well 
documented invasion of the innominate vein axis as well as 
of great vessels do not enter in the criteria for thoracoscopic 
treatment and, generally speaking, Masaoka stage III 
and IV thymomas remains among the group that takes 

advantages from sternotomy. There are published data that 
demonstrated comparable mortality results in thymectomy 
by total sternotomy and VATS (36). 

A major concern deserves the recurrence after 
VATS because of manipulation effect of the endoscopic 
instruments. This can happen especially on the largest 
tumors that may facilitate pleural dissemination. Kimura 
et al. (41) reported that 3 out of 45 patients undergoing 
thoracoscopic operation for thymoma greater than 5 cm 
recurred with pleural dissemination and namely 2 of those 
had capsule injuries during maneuvers. Conversely, pleural 
recurrence after thoracoscopic thymectomy resulted 
comparable to those after sternotomy (42). The employ of 
the endobag is mandatory for taking out bulky tumors and 
any fragment of fat mediastinal resected tissue time-by-time 
in order to reduce the risk of seeding. To date there are not 
definitive guidelines regarding the most appropriate size 
of thymoma considerable an indicator for thoracoscopic 
removal. There is a quite unanimous agreement in 
indicating that thoracoscopic thymectomy is technically 
safe and feasible for thymomas that do not exceed 5–6 cm 
in maximum diameter. However, VATS removal of larger 
thymomas may predispose to recurrence (43). In these cases, 
it can be easier to extract create from a subxiphoid utility.

Despite these controversies VATS has progressively 
conquered more consensus particularly among young 
surgeons. It is clear that this approach leads to early 
operations, especially in those patients affected with 
concomitant MG thus enabling the physicians to recommend 
a surgical treatment with minimal chest pain, less trauma and 
better quality of life (44).

There are significant variations in VATS approaches for 
thymoma. The use of tridimensional operating imaging 
and camera has also revolutionized the VATS technique. 
In recent years use of robotic technology in thymic surgery 
became popular. Robotic thymectomy are now performed 
in dedicated centers all around the world. Results show 
that robotic thymectomy in selected thymomas can 
achieve oncologic outcome equivalent to the open and 
thoracoscopic approaches (45-49). 

In spite of variety of VATS approach our preference 
currently remains for a left-sided three or uni-portal VATS 
approach that provides the best exposure for stage I and II 
thymomas and in selected stage III thymomas, particularly 
in those patients affected with MG. Having gained 
experience we can sufficiently dominate the innominate 
axis, venous junction, aorto-pulmonary window and both 
phrenic nerves as well as cardio-phrenic angles. In general 
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invasive thymomas are not resected by VATS because of 
technical difficulties and possible oncological compromise 
for tumor seeding (50). In this group stage III thymomas 
are included and the preoperative studies can be useful 
to exclude a VATS approach. However, improvements in 
VATS technique as well as gained experience allow safe 
resection of selected invasive tumors avoiding sternotomy. 

In recent years a subxiphoid VATS approach has been 
introduced as another alternative route to sternotomy for 
patients suffering of Masaoka’s stage I to III thymomas 
(51-56). It allows surgeon to see both phrenic nerves 
and reach high into anterior mediastinum. Chest CT 
can help surgeons to verify the feasibility and safety of 
subxiphoid thymectomy. Obviously, this approach appears 
as more advantageous because of the relatively painless, 
avoidance of the risk of infection or disruption of sternal 
wound, wider visualization and cephalad dissection up to 
cervical and thyroid area. These features enable complete 
resection of the thymus and the fat tissue yet conserving 
satisfying and wide access to the chest and total respect of 
cosmesis. In invasive thymoma this route is not indicated 
due to limited visualization and dissection. Our experience 
with this approach is still numerically inadequate for a 
statistically significant evaluation. However, we appreciated 
its advantages in nonthymomatous patients and in 
reoperations for mediastinal limited recurrent thymomas. 
Before facing these difficult operations, we recommend a 
progressive stepwise path including first VATS thymectomy 
for nonthymomatous patients and thereafter progressing 
towards small and well-capsulated thymomas and reaching 
to larger and more advanced tumors. 

Masaoka stage I thymoma is the most frequent tumor 
in our experience. All patients underwent a complete 
simple en-bloc resection of the gland including the tumor 
achieving an overall crude survival of 98% at 5 years and 
93% at 10 years, respectively. No patient at this stage 
received adjuvant therapy. Nowadays, at this stage we give 
our preference to VATS approach either through chest or 
subxiphoid uniportal approach. VATS was safe and feasible 
in this stage and 5-year overall and disease-free survivals 
were comparable to those achieved with the traditional 
open approach. We reported only two patients with 
recurrences. They were both small recurrence and sited 
in the thymic bed and they were removed by minimally 
invasive approach. In all 35 MG patients operated at this 
stage the myasthenic symptoms were the earliest and often 
the unique manifestation of the neoplasm. All recurrences 
were in myasthenic patients at stage I after a mean period of 

22 months. Re-onset or worsening of myasthenic symptoms 
revealed the occurrence of the recurrence. All these patients 
are alive and in complete neurological remission after 10 
years from the second operation. 

Resectability rate is very high stage I, but it progressively 
decreases with the increment of the stage as well as with the 
surgeon’s skill to manage the invasion of the neighboring 
structures. In encapsulated thymoma especially in young 
and myasthenic patients, surgical resection should avoid 
capsule breaching in order to decrease the possibility of 
neoplastic seeding.

For this stage no adjuvant treatment is recommended 
because the risk of recurrence is very limited after complete 
resection. In those patients who cannot tolerate a surgical 
procedure for medical reasons irradiation does not influence 
overall survival. 

One third of our patients were assigned to the Masaoka 
stage II, which in general represents 25% of the entire 
amount of thymomas (33,57). In the majority of the cases 
surgery results in complete resection ranging from 40% 
to 100% (32,58). We reported in this stage a 92% of 
resectability. Due the frequent adherence to the mediastinal 
pleura they tend to recur locally and even to metastatize 
despite adjuvant radiotherapy (59). This implies different 
opinions in the postoperative strategy. WHO B2 and 
B3 types stage II tumors demonstrate a high incidence 
of recurrence thus needing systemic adjuvant treatment 
(60,61). This stage implies heterogeneous conditions 
that originates a variety of postoperative modalities of 
treatment. In this setting we found supporters of radiation 
therapy for all patients or of radiation only in large tumors 
(greater than 5 cm in diameter) (62,63). Others suggests 
radiotherapy in cases of radiographic evident invasiveness 
or for WHO type B (64,65). Others more advocate no 
radiation at all (66). These different opinions are based on 
the finding that in retrospective analysis adjuvant treatment 
does not offer a clear benefit over the surgery alone (67). 
These patients were found to present more frequent pleural 
recurrence that is outside from the mediastinal irradiation 
field (62,68). This fact may suggest the supposed lack 
of efficacy of postoperative radiation therapy. On these 
findings adjuvant chemo-radiotherapy was accomplished 
for tumor greater than 5 cm and in WHO B histotype (60).  
This modality significantly reduced recurrences and 
relapses. We used adjuvant radio and chemotherapy in case 
of young subjects (less than 50-year-old) with larger tumors 
and/or positive resection margins whatever the WHO 
histologic subtype. No recurrence was observed in this 
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setting whereas six pleural recurrences were observed after 
sole adjuvant radiotherapy. All the recurrences at this stage 
were surgically treated.

Twenty-eight patients at this stage presented MG, that was 
the first symptom of the thymoma. Eight patients recurred 
within a mean period of 32 months either in mediastinum or 
pleura. All were resected with an improvement of myasthenic 
symptoms. 

Forty-one (18.2%) of our thymomas were at Masaoka 
stage III, which usually represents one quarter of all  
tumors (33). This stage entails different conditions of 
invasiveness to the neighbor structures such as pericardium, 
visceral pleura, great vessels and phrenic nerves. When 
possible, en-bloc resection remains the mainstay in this stage. 

Approximately one half of stage III patients can be 
completely resected with a wide range of resectability from 
0% to 89% (2). In our series 23 out of 41 patients had 
complete resection en-bloc of the tumor and gland with a 
resectability rate of 56%. A vast majority of the patients 
were approached through sternotomy; indeed initially we 
did not operate stage III by VATS and we started only 
in a second time and in selected patients. Thirty patients 
received induction chemotherapy because of imaging 
evidence of invasion neighboring structures in particular 
vascular. Nobody received preoperative radiation therapy.

Association with MG was found in 15 patients at this 
stage and in 11 resections was complete. Nine of them had 
received induction chemotherapy that was well tolerated. 
All patients developed partial remission of myasthenic 
symptoms. After resection 8 patients recurred.

After resection vena cava can reconstructed (69,70) by a 
conduit of expanded polytetrafluoroethylene (PTFE) (71)  
or by bovine pericardium (72). A patch of autologous 
pericardium or other material can be used in limited partial 
resection of the anterior wall of the superior vena cava. 
Phrenic nerve is often involved and it can be unilaterally 
resected. In myasthenic patients a diaphragmatic plication 
can be added in order to preserve respiratory function.

Cumulative 10 years overall survival at 10 years was 75%. 
We experienced 23 recurrences that is 56% recurrence 
rate. Most common site are the pleura and the tumor 
bed. This finding should endorse the use of postoperative 
radiotherapy. All patients at this stage received routine 
postoperative radiation therapy independently from sex, 
age, WHO type histology, tumor size, grade and previous 
induction chemotherapy. However, 7 elderly patients 
refused radiotherapy because of comorbidity, 6 of those 
recurred and 4 were operated upon. 

The impact of adjuvant radiotherapy in patients with 
thymoma remains unclear. Postoperative radiation therapy 
is recommended by some investigators (73). No local 
recurrence was observed by Urgesi in 33 patients completely 
resected with postoperative radiotherapy (74). Curran et al. 
observed mediastinal recurrence rate of 53% at stage II and 
III in patients non-treated postoperatively compared to no 
recurrence in those undergoing adjuvant radiotherapy (75). 
Similarly Monden et al. (76) in patients at stage III and IV 
presented a 20% rate of recurrence after adjuvant radiotherapy 
which is better than 50% observed in patients without adjuvant 
irradiation. 

In incomplete resected patients adjuvant radiation can 
decrease the recurrence rate among patients with residual 
disease. Curran et al. observed no mediastinal recurrence 
after radiotherapy for incomplete resection (75). Similar 
results have been achieved by some authors (74,77) 
reporting low rates of mediastinal recurrence in patients 
with gross residual tumors treated with adjuvant irradiation. 
Conversely, Mangi et al. (78) and Kondo & Monden (40) 
observed that recurrence rate was similar in patients treated 
with surgery alone and those followed by radiation.

These contradictory opinions suggest that all stage II and 
stage III patients should have a strict follow up by chest CT 
at timed-intervals. 

Fifteen patients presented clinical MG, 10 patients of 
those underwent neoadjuvant chemotherapy. Chemotherapy 
was well tolerated. Eight patients recurred in mediastinum 
(n=3) or pleura (n=5) after a mean disease-free interval 
of 21 months. Four of those had undergone neoadjuvant 
chemotherapy. All of them were reoperated upon. 

Masaoka stage IV thymomas represent the most 
advanced form of this thymic tumor. Surgery alone cannot 
reach complete resection given surgery alone is often not 
radical and does not provide satisfactory outcomes. There 
are few studies reporting the management of Masaoka 
stage IV thymoma. In general, they include both stage 
IVA and IVB and span many decades. This stage manifests 
a disseminated disease where complete resection can be 
hardly achieved unless sporadic cases. However, in recent 
years pleurectomy and extrapleural pneumonectomy have 
been successfully carried out (79). Similarly to others, in 
patients with pleural and pericardial dissemination and 
free of distant metastases we have experienced acceptable 
outcomes using multimodality treatment (80). Also at this 
stage the purpose of multimodality therapy is to reduce 
tumor volume allowing subsequent surgical resection or 
adjuvant radiotherapy (80). 
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Our analysis has shown that 4 patients after induction 
chemotherapy and were widely resected. The two cases had 
MG and they both recurred despite complete resection. 
Adjuvant chemotherapy for stage III and IVA increases the 
resectability rate to 72% that is as compared to surgery 
alone ranging from 50–25% (2). 

Thymomas are associated with a numerous concomitant 
pathologic condition generally cal led parathymic 
syndromes. The most frequent of these is MG, which 
occurs in approximately 45–65% of the patients with 
thymoma (2). The histologic pattern more frequently 
associated with MG are the cortical subtype or B types 
according to the WHO classification. Conversely, 10% to 
25% of myasthenic patients are found to have thymoma. 
MG is recognized to be an autoimmune disease that attacks 
neuromuscular junction characterized by neuromuscular 
weakness and fatigability. MG is caused in 85% of cases 
by AChR antibodies that are the main causes of muscular 
weakness in thymoma MG (81). In our series thymoma MG 
is equally distributed in males and females and occurs at any 
age with a peak onset around 50 years. Thymoma MG tends 
to be more severe than early onset non-thymoma MG. The 
occurrence of a thymoma per se does not give a more severe 
MG (82). For decades MG was deemed to have a negative 
impact on thymoma prognosis. On the other hand, some 
investigations have recently showed a positive impact on 
survival probably due to steroid use, better treatment of 
concomitant medical problem and earlier detection of the 
neoplasm given the stricter follow up (83,84). Until now 
it is unclear how a thymoma cause MG or viceversa. Over 
time no difference in MG severity and evolution has been 
showed in thymomas and non-thymoma patients as well. 
Both groups of patients improve in the same degree after 
pharmacological management and thymectomy. We found 
no difference in modality of thymectomy both through 
sternotomy and VATS. Equally a thymoma completely 
removed does not mean worse MG prognosis. The 
thymomas MG patients and age-matched nonthymoma MG 
patients share similar MG long term prognosis and results. 
In MG patients the complete thymoma excision does in 
most cases cure the neoplasm but patients will continue 
to present myasthenic symptoms despite the procedure. 
This occurrence entails the endurance of pharmacological 
therapy and the need of a close follow up. Neoadjuvant 
induction chemotherapy for myasthenic patients at stage 
II–IV is in general well tolerated and effective also for 
neurologic symptoms (59,85). 

As for non thymomatous MG benefits are not immediate 

but they progress in a long period that can last up to  
15 years and more. Myasthenia can occur even after several 
years from complete thymectomy for non-myasthenic 
thymomas depicting the scenario of “post-thymectomy 
MG”. (86,87). We have recently investigated this peculiar 
association in our series and we found that the only factor 
associated with postoperative MG onset was the high 
preoperative level of antibodies against the receptor for 
acetylcholine (AChR-Ab) (29). In this setting the production 
of AChR-Ab is primarily sited in the germinal centers of 
residual or ectopic thymic tissue persisting in the mediastinal 
region despite most aggressive ablation of thymic tissue 
(88,89). We hypothesized that the thymoma might have 
an inhibitory mechanism on thymic tissue foci. This tissue 
can be activated after removal of the neoplasm, with the 
production of AChR-Ab from their germinal centers.

Among the parathymic syndromes the pure red cell aplasia 
and hypogammaglobulin are the most common associated 
diseases both occurring in 2% to 5% of the patients (90). 
Half of the patients with pure red cell aplasia are found to 
have a thymoma (91). Conversely, only 10% of the patients 
with hypogammaglobulin have a thymoma. To date, the 
mechanism of these associations remains unclear. Pure red 
cell aplasia is a poor prognostic factor. It is accompanied by 
a higher morbidity and a shorter disease-free interval (92) 
In our series mortality rate of these patients was significant 
lower and namely the overall survival was 71% at 5 years. 

In 1976, Rosai & Levine (93) introduced the term 
“microscopic thymoma” to define lesions histologically 
characterized by epithelial proliferation, smaller than 
1mm in diameter, usually multifocal, sited in the cortex or 
medulla, in absence of a macroscopically evident thymic 
tumor. These lesions are observed in the resected specimen 
patients undergoing thymectomy suffering from MG (94). 
After having reviewed our series we found microscopic 
thymomas in 6 myasthenic patients and the features of these 
patients do not differ from those already reported (95). The 
last case was discovered after resection of a thymic cyst and 
this condition is already described in the literature (96). 

All the topics entailing thymoma recurrences as well 
as many other topics concerning thymic tumors have 
been deeply analyzed by Detterbeck and Parsons (2). The 
present retrospective analysis noticed the presence of 55 
patients who recurred after a mean time of 30 months 
from thymectomy. This value coincides with many reports 
from the literature. The specific behavior of the recurrence 
shows the relatively potential malignancy of these tumors. 
Indeed, in opposition to other thoracic malignancies, these 
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recurrences do not imply a poorer prognosis or shorter 
survival time given the indolent behavior of thymoma and 
their slow growth. Thymomas can recur at any stage, at any 
time and independently from the surgical procedure either 
complete or incomplete. The average recurrence rates are 
3% to 5% for Masaoka stage I thymomas and progressively 
increases to 16% for stage II and 26% for stage III  
(64,97-99). Stage IV tumors recur with a wide variability 
ranging from 25% to 80% (64,97-99). Because of low 
growth of these tumors the average time to recurrence 
is reported around 5 years ranging from 3 to 7 years 
(64,83,85,97). However, recurrences have been incidentally 
described after 3 months and even after 15 years (64,83,97). 
Local recurrences are more frequently observed than the 
distant ones. One half of the local ones appears as nodules 
sited in parietal pleura or in the lung. The other local 
recurrences are located in the mediastinum mainly growing 
as isolated but sometime also as scattered nodules on the 
pericardium surface. In our series recurrence are equally 
distributed in the pleura and in the mediastinum. Distant 
metastases are mostly located in liver and bones. We 
observed four patients with liver metastases after a mean 
period of 163 months. 

In general redo surgery is performed in patients with 
limited recurrence and good general conditions that are 
followed in the majority of the instances a good result. The 
optimal strategies for treating recurrent thymomas remains 
still now controversial (2). Good results in term of survival 
have been reported after resection (64,98,100,101). Other 
authors advocate chemotherapy as a treatment of choice (102).  
An aggressive behavior had been always proposed given the 
slow growth and the relative facility of radical resection. 
Completeness of resection at the time of redo surgery for 
recurrent thymoma is the most important determinant of 
long-term survival (98,103). Approximately 50–75% patients 
with recurrence are operable (64,74,98,104,105) and complete 
resection is feasible in 45–70% of the instances with a 
significant long-term survival 70% at 5 years and 50–60% at 10 
years, respectively (63,74,98). On the contrary, in patients with 
incomplete resection of the recurrence survival is significantly 
decreased to 0–25% at 5 years and to 0–10% at 10 years, 
respectively (2,83,98). There are reported cases of a disease-
free interval longer than 13 years after recurrence removal 
(83,105). In our series we have performed reoperations in a 
total of 71 patients, 39 after sternotomy, 29 of which were re-
approached through thoracotomy (Table 6). More recently, 
especially in the case of small recurrences in the thymic bed, 
whatever the approach, we have given our preference to a 

subxiphoid VATS, which allowed complete resection in all 
cases.

A second recurrence was observed in only 16–25% of 
patients after complete resection of the first recurrence 
(83,105). In the recurrence repeat surgery complete resection 
remains the first choice of treatment because the recurred 
tumor is more aggressive and limited to the chest (106). The 
onset of a second recurrence after a long timespan induces 
our patients to refuse a third operation. Recurrence rate 
after VATS thymectomy ranges from 0% to 6.7% and 5-year 
disease free survival ranges from 83–96% (107).

It is specific merit of our center to have firstly 
investigated the role of gene expression in the prognosis of 
thymoma (30,31). Cyclins and namely p27, p21 and p53, 
are important proteins involved in control of the cell cycle. 
Level of expression of their genes was able to predict both 
disease free and long-term survivals in encapsulated (30),  
radically resected (31) and recurrent (106) thymomas. 
Furthermore, these markers reveal the aggressiveness of the 
tumor and can also be indicators of response to neoadjuvant 
therapy (108). In the present study we extended our sample 
to 145 cases achieving similar results to the previous 
investigations. Interestingly, we demonstrated a worsening 
of cell-cycle expression in those patients who recurred and 
this was strictly related to the oncologic prognosis of the 
disease. 

Similarly to other neoplastic conditions (109) we tried 
to correlate prognosis with preoperative ratio neutrophil to 
lymphocytes. The increment of this ratio can be considered 
a valid predictor of prognosis, with the increment of 
neutrophils that may have an inflammatory resulting in pro-
cancer activity and decrement of lymphocytes that might 
weaken immunologic and anticancer activity. Interestingly, 
we found that an elevated preoperative ratio can influence 
both disease-free and overall survivals and to our knowledge 
this one of the first reports in literature investigating this 
specific topic (110,111). 

Conclusions

Our conclusions are not so different from those reported 
in the literature, especially if deriving from series spanning 
many decades. These tumors are slow-growing and often 
asymptomatic neoplasms of the anterior mediastinum. The 
presence of myasthenic symptoms may favor their diagnosis 
especially at early stages. Complete resection remains the 
golden standard of the curative treatment whatever the 
surgical approach. At surgery every effort need to be made 
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to achieve the most complete resection. Similarly to non-
thymomatous thymectomy we would state that also in 
thymectomy for thymoma the resection should include the 
whole mediastinal tissue. When necessary removal should 
be extended to the neighboring involved structures such as 
pericardium, left brachiocephalic vein, mediastinal pleura 
and superior vena cava. This large vessel can be successfully 
reconstructed by artificial conduit or partially with a patch 
autologous pericardium. When a complete resection of 
the mass is not feasible even an incomplete resection 
might offer a somewhat better survival than that reported 
in non-treated patients, but at this propos opinions and 
results are discordant. In these conditions adjuvant radio or 
chemotherapy is alternatively proposed but with incomplete 
details about outcomes. 

Completeness of resection is the most important 
determinant of long-term survival. Masaoka stage of the 
tumor as well as WHO histology are consistent independent 
prognostic factors in the largest series of thymoma. No 
other classic prognostic factor has been found to be of value. 
In this regard we demonstrated the prognostic utility of 
biologic factors such cell cycle expression and in the present 
study the ratio neutrophil to lymphocytes. 

The associated MG no longer appears as a negative 
prognostic factor and no difference in survival of patients 
with or without MG was observed. Full median sternotomy 
has been used for resection of thymoma at any stage 
until the development of VATS. This minimally invasive 

technique has gained acceptance as a viable option both 
thymectomy in non-thymomatous and in thymomatous 
patients. There are several advantages of VATS over open 
access including better cosmesis, decreased postoperative 
pain and similar long-term outcomes. Nowadays, in spite 
of controversies VATS thymectomy for thymoma is a 
consolidated surgical procedure. In recent years the use 
of robotic technology has provided a further option to the 
surgery of thymomas and robot-assisted thymectomy for 
thymoma are now performed in many dedicated centers 
with equal oncologic results to the open and thoracoscopic 
approaches.

Due to the slow-growth behavior of this tumor, thymoma 
patients are at risk for late mediastinal or intrathoracic 
recurrences. Thus, they should carefully be followed for 
a very long time. In general, local recurrences are easily 
removed by surgery and more than once. The recurrence 
of thymoma does not imply a poor prognosis. Thus an 
aggressive approach is justifiable and effective in the majority 
of cases. The survival in patients operated for recurrence 
appears to be similar to that of patients without recurrence. 

Multimodality therapy including radio or chemotherapy 
is used as adjuvant or neoadjuvant treatment in the most 
locally-advanced thymomas. At this regard there are no 
specific guidelines and long-term results need to be further 
analyzed. At this stage adjuvant radiotherapy is the most 
used treatment whatever the completeness of the resection.

Despite so many bias due to the long time-span and 
to the scientific and technical advances in this field, our 
analysis permits the evaluation of the whole aspects of this 
mediastinal malignancy that have always and will continue 
to attract the attention of the thoracic surgeons. At the end 
of this 30-year journey we are happy to show these images 
that belong now to the history of the medicine (Figure 13). 
No progress is possible without a long study and great 
efforts.
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