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The thymus 

The thymus has been an organ of mystery for many years. The word thymus is 
derived from the Greek word thymos; “warty excrescence”. However, another 
translation is ‘soul’ or ‘spirit’, the ancient Greeks interpreted it as the seat of the 
soul1. The thymus of veal or lamb is also a delicacy in the culinary world called 
‘sweetbreads’. 

In the beginning of the twentieth century it was not known that the thymus 
played an important role in the regulation of the immune system. This consensus 
was based on the knowledge that thymus lymphocytes were overall poor in their 
ability to initiate immune response to antigen after adoptive transfer to appropri-
ate recipients. Also the lack of antibody-forming plasma cells and germinal cen-
ters in the thymus of healthy animals and the fact that thymectomized adults did 
not show a decreased immune response, suggested that the thymus did not play 
a role in the immune system. However, in 1961 Miller was the first to state, “the 
thymus at birth may be essential to life”2 as the thymus is crucial for the develop-
ment of the adaptive immune system. T-lymphocytes migrate during infancy 
from the bone marrow to the thymus for proliferation and differentiation guided 
by different receptors. Positive T-lymphocytes selection takes place in the cortex 
of the thymus. Thymic antigen-presenting cells that recognize peptides embed-
ded in major histocompatibility complex (MHC) molecules differentiate in CD4+ 
cells or CD8+ cells. In case the MHC molecules are not recognized the negative 
selection continues in the medulla of the thymus, where cells that showed  
immune response to self-proteins are eliminated. The CD4+ and CD8+ cells 
migrate to lymph nodes where CD4+ cells differentiate in to type 1 T-helper cells 
and type 2 T-helper cells. CD8+ cells differentiate in to cytotoxic T-cells3. 

Before birth the thymus reaches its greatest weight in proportion to body weight. 
After birth the thymus continuously grows until it reaches is maximal weight at 
puberty. Later on in life the thymus will decrease in size and weight. This process 
is called involution; epithelial cells become atrophic and mostly adipose tissue 
remains4. 

Myasthenia gravis

Myasthenia gravis (MG) is an autoimmune disorder; caused by antibodies against 
the acetylcholine receptor (AChR+), muscle specific tyrosine kinase (MUSK) or 
lipoprotein receptor-related protein 4 (LRP4). These antibodies can influence the 
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neuromuscular junction5-7, resulting in fatigability of skeletal muscles worsening 
upon exertion. Myasthenia is a Greek word meaning muscle and weakness; 
Gravis is Latin for severe. The prevalence of MG in the Netherlands is 106.1 
X10–6. Because of this low prevalence MG is a regarded as an orphan disease8. 
The exact pathogenesis remains unclear though the thymus plays an important 
role in the induction of this complex process9. Different thymic abnormalities 
can be observed in MG patients. Follicular hyperplasia is observed in the majority 
of patients with early-onset myasthenia gravis (EOMG; age at onset <60 years). 
Stimulation of B-Cell compartments induces the increase in number of germinal 
centers in thymic follicular hyperplasia (figure 1).

In patients with late-onset myasthenia gravis (LOMG; age at onset >50 years) 
often an atrophic thymus is found. Thymoma associated myasthenia gravis 
(TAMG) is observed in around 15% of all AChR+ MG patients10. After an initial 
improvement with cholinesterase inhibitors additional therapy including immuno-
suppressive drugs are often indicated in the treatment of AChR+ MG to achieve 
remission11. This thesis is focused on the surgical treatment of AChR+ MG.

Figure 1. Thymic follicular hyperplasia in myasthenia gravis.
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The first thymectomy through a sternotomy for MG was performed by Sauer-
bruch in 191112. Blalock later reported improvement after therapeutic thymecto-
mies through sternotomy in 20 MG patients13. In the last few decades, the role 
of thymectomy in the treatment of MG has been under dispute because of the 
lack of randomized controlled trials proving beneficial effect. Next to the muti-
lating nature of a sternotomy for a non-malignant disease, it is difficult to predict 
which patients will benefit from a thymectomy. The introduction of Video-Assisted 
Thoracoscopic Surgery and Robotic-Assisted Thoracoscopic Surgery has lowered 
the barrier to perform thymectomy. The Myasthenia Gravis Foundation of America 
developed in 2000 standards to report remission rates after thymectomy (table 1).

Table 1. MGFA post-intervention status

Complete Stable Remission (CSR) The patient has no symptoms or signs of MG for at least 1 year  
and has received no therapy for MG during that time. 

Pharmacologic Remission (PR) The same criteria as for CSR except that the patient continues to 
take some form of therapy for MG. Patients taking cholinesterase 
inhibitors are excluded from this category. 

Minimal Manifestations (MM) The patient has no symptoms of functional limitations of MG  
but has some weakness on examination of some muscles.  

 MM-0 The patient has received no MG treatment for at least 1 year 
  MM-1 The patient continues to receive some form of immunosuppression
 MM-2 The patient has received only low-dose cholinesterase inhibitors 

<120mg/per day for at least 1 year 
 MM-3  The patient has received cholinesterase inhibitors or other 

symptomatic therapy and some form of immunosuppression  
during the past year

Improved (I) A substantial decrease in pretreatment clinical manifestations or  
a sustained substantial reduction in MG medications as defined  
in the protocol

Worse (W) A substantial increase in pretreatment clinical manifestations or  
a substantial increase in MG medications as defined in the protocol

Exacerbation (E) Patients who have fulfilled criteria of CSR, PR or MM but 
sub sequently develop clinical findings greater than permitted  
by these criteria

Died of MG (D of MG) Patients who died of MG, of complications of MG therapy,  
or within 30 days after thymectomy

Hoofdstuk 01.indd   13 11-05-15   15:54



Chapter 1

14

Thymic epithelial tumors

Tumors arising from thymic epithelial tissue are extremely rare with an incidence 
of 0.13 per 100,000 person-years14. The etiology is poorly understood. The histol-
ogy of thymomas is diverse, and composed of neoplastic thymic epithelial cells 
with minimal or moderate atypia. These neoplastic thymic epithelial cells keep 
many functions of normal thymic epithelial cells among them non-neoplastic 
thymic lymphocytes (thymocytes). By doing so they closely resemble the normal 
thymus15, 16. Thymic epithelial tumors can be histologically classified according to 
the WHO criteria shown in table 219. Tumor staging of thymomas is classified 
according to the Masaoka-Koga staging system (table 3)20.

Of all human tumors, thymomas show the highest frequency with autoimmune 
diseases17. Of these diseases, MG is the most common autoimmune disease 

Table 2. WHO classification of thymomas

Type of Thymoma Definition
Type A An organotypic thymic epithelial neoplasm composed of bland spindle/oval 

epithelial tumor cells with few or no lymphocytes. The tumor cells can form  
a variety of histologic structures

Type AB An organotypical thymic epithelial neoplasm composed of a mixture of  
a lymphocyte-poor type A thymoma component and a more lymphocyte-rich  
type B-like component. 

Type B1 Tumor of thymic epithelial cells with a histological appearance practically 
indistinguishable from the normal thymus, composed predominantly of areas 
resembling cortex with epithelial cells scattered in a prominent population of 
immature lymphocytes, and areas of medullary differentiation, with or without 
Hassall’s corpuscles, similar to normal thymic medulla.

Type B2 An organotypical thymic epithelial neoplasm composed of large, polygonal tumor 
cells that are arranged in a loose network and exhibit large vesicular nuclei with 
prominent large nucleoli, closely resembling the predominant epithelial cells of 
the normal thymic cortex. A background population of immature T cells is always 
present and usually outnumbers the neoplastic epithelial cells.

Type B3 An organotypic thymic epithelial tumor predominantly composed of medium- 
sized round or polygonal cells with slight atypia. The epithelial cells are mixed 
with a minor component of intraepithelial lymphocytes, resulting in a sheet-like 
growth of epithelial cells.
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found in thymomas18; in about 15% of MG patients a thymoma is observed, and 
20-40% of patients with a thymoma also suffer from MG. Because of the auto-
immune association, a role for viral infections has been implicated in their eti-
ology. 

Outline of the thesis

All diseases associated with the thymus are rare diseases. With the advances of 
robotic thymectomy, Maastricht University Medical Center has become a referral 
center both for the removal and the medical treatment of MG. Taking advantage 
of the availability of a relatively large quantity of clinical data of patients with 
orphan diseases and, their pathological specimens, we attempted to resolve the 
controversies. The subjects studied in this thesis are outlined in figure 2. 

Chapter two gives a comprehensive introduction to the history of robotic assisted 
surgery and the application in thoracic surgery. The benefits of robotic thymec-
tomy are given. In addition the application of robotic surgery in different thoracic 
procedures other than in thymectomy, are described. 

Chapter three investigates the role of robotic thymectomy in the treatment of 
thymic epithelial tumors. Complete surgical resection with tumor-free margins is 
the most important prognostic factor for the oncological outcome of thymic  
epithelial tumors. For this purpose we studied all consecutive patients who under-
went a robotic thymectomy between april 2004 and april 2012 for the indica-
tion of a thymic epithelial tumor. Patients with early and advanced stage thymic 
epithelial tumors were included. Primary outcome measurements were the feasi-
bility of robotic surgery, freedom of thymic epithelial tumors recurrence and 
overall survival. 

Table 3. Masaoka-Koga staging system to classify thymomas

Masaoka-Koga Stage Definition
Stage I Grossly and microscopically encapsulated
Stage IIa Microscopic transcapsular invasion
Stage IIb Macroscopic capsular invasion
Stage III Macroscopic invasion of neighboring organs
Stage IVa Pleural or pericardial dissemination
Stage IVb Hematogenous or lymphatic dissemination
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Chapter four elaborates on the clinical and scientific aspects of AChR MG. It pro-
vides an overview of the recent literature regarding AChR MG. 

Chapter five explores the role of robotic thymectomy in the treatment of MG. 
We analyzed 125 patients with MG who underwent a robotic thymectomy. The 
feasibility of robotic thymectomy in MG patients and neurological outcome  
after thymectomy is studied. The neurological follow-up after thymectomy is 
described according to the Myasthenia Gravis Foundation of Amercia (MGFA) 
postintervention status. 

Chapter six studies the role of additional autoantibodies in MG patients on the 
neurological outcome after thymectomy. Other autoimmune diseases occur 
more frequently in MG patients. We hypothesized that the presence of autoanti-
bodies in addition to anti-AChR antibodies would negatively influence the neuro-
logical course after thymectomy. 

Figure 2. Outline of the thesis. First we focus on the role of robotic thymectomy in the treatment of 

thymomas and/or patients with myasthenia gravis with or without multiple autoantibodies. Second, 

the role of human polyomavirus 7 in thymomagenesis. 

Myasthenia
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Thymus

Auto
antibodies

Oncogenic
potential
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Chapter seven investigates the role of human poloyomavirus 7 (HPyV7) in the 
pathogenesis of thymic epithelial tumors. We used immunohistochemistry, fluo-
rescence in situ hybridization and polymerase chain reaction to detect HPyV7 
in thymic epithelial tumors. 

Chapter eight studies the molecular pathway of HPyV7 possibly leading to thymo-
magenesis. Merkelcelpolyomavirus inhibits protein Retinoblastoma in patients 
with a merkelcelcarcinoma. We investigate the role of the tumor suppressor 
protein Retinoblastoma and protein16 in thymic epithelial tumors. 

Chapter nine contains a general discussion and future perspectives of all afore-
mentioned manuscripts. 
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Robotics in thoracic surgery

Introduction

Minimally invasive thoracic surgery has been a hot topic in the past decades. 
With the development of robotic surgery thoracic surgeons entered a newer and 
more exciting field. Much progress in minimally invasive surgery has been made 
and robotic surgery is accepted as a potential diagnostic and treatment modality 
for thoracic diseases. In this chapter we provide a comprehensive review of the 
history and the current data in robotic thoracic surgery. 

History of minimally invasive thoracic surgery

The first thoracoscopic procedure was described 100 years ago. In 1910 Jacobeaus 
examined the pleural cavity with a cytoscope and was the first to perform a thora
coscopic procedure1. In the late 1980’s minimally invasive surgical techniques 
were developed and after the success of laparoscopic surgery, Video Assisted 
Thoracic Surgery (VATS) was established in the 1990’s. 

The first prospective randomized studies did not meet the high expectations and 
showed no significant benefit for the VATS approach compared with thoracoto
my2, 3. More recent studies however show advantages such as reduced blood 
loss, less pain, lower inflammatory responses and an earlier return to work.  
Today VATS plays a role in the diagnostic and therapeutic procedures for benign 
and malignant tumours arising from the lung or adjacent organs4, 5. Although 
these studies show favorable results, there are still important limitations. The 
lack of 3dimensional vision, loss of wrist articulation and natural handeye 
coordination can reduce the surgical precision6. 

Robotic surgical systems in the medical industry were developed to overcome 
these limitations. The first robotic system used for surgical procedures was the 
Puma 560. Kwoh et al used the robot in 1985 to perform neurosurgical biopsies 
and in 1988 Davies et al performed a transurethral prostatectomy with the Puma 
5607. Robotic systems later developed, originated from telepresence machines 
that were developed for the NASA. 

The rationale of developing a robotic system was to use it in the US Army in war 
areas by ‘bringing the surgeon to the wounded soldier through telepresence’. 
This has been successfully tested in animal models but it has not yet been uti
lized in the US Army for care of wounded soldiers in the battlefield. The re
searchers and surgeons of the Army formed a research group for commercial 
purposes and introduced robotic surgery in the civilian society8. 
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The da Vinci Surgical System developed by Stanford Research Institute was FDA 
approved in 2000 for general laparoscopic surgery and in the next year it was 
approved for thoracic surgery. The robotic surgical approach is nowadays applied 
for thymectomies, lobectomies and esophagectomies. The da Vinci Surgical System 
is the most widely used robotic surgical system. 

The da Vinci Surgical System

The da Vinci Surgical System was developed by Intuitive Surgical. Intuitive Sur
gical is created in 1995 by Frederic Moll MD, Robert Younge and John Freud MD 
and is based on technology developed by Stanford Research Institute. The  
da Vinci Surgical System consists of a ergonomically designed master console 
for the surgeon, a bedside chassis with three to four interactive robotic arms, 
highperformance vision System and Endowrist instruments (figure 1). The con
sole contains a highdefinition, 3dimensional optics for clear viewing and foot 
pedals to control electro cautery. The surgeon can place his fingers in the master 
controls, which are located below the display with the hands and wrists in an 
ergonomically position. 

The instruments are cable driven with 7 degrees of freedom and 360 degrees of 
rotation of the tip of the instruments (figure 2). The 3dimensional image is dis

Figure 1. Da Vinci Surgical System set up.
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played above the hands of the surgeon, giving the surgeon the impression to find 
oneself in the surgical field. 

Advantages

Compared with conventional thoracoscopic surgery The da Vinci Robotic Surgical 
System has a lot of advantages (table 1). One important benefit is the 3dimen
sional vision; the depth perception gives a marked improvement in the view 
over the cameras used in thoracoscopic surgery. The 3dimensional image is 
displayed above the surgeon’s hands resulting in better handeye coordination 
and eliminating the fulcrum effect making the manipulation of the instruments 
much easier. The instruments also offer superior maneuverability with 7 degrees 
of freedom, 360 degrees of rotation of the tip of the instruments and elimination 
of physiologic tremors. 

Table 1. Advantages and disadvantages of roboticassisted surgery

 Advantages Disadvantages
Robotic-assisted surgery 3-Dimensional vision Expensive
 Superior maneuverability  High start-up cost
 No physiologic tremors Instrumental failure
 No fulcrum effect No touch sensation

Figure 2. The superior maneuverability 

of the instruments.
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Disadvantages

Robotic surgery has a lot of advantages compared with thoracoscopic and con
ventional surgery but it has also some disadvantages. In thoracoscopic surgery 
there is a loss of touch sensation, in robotic surgery however there is an absence 
of touch sensation. It is also very expensive; there are high startup costs and 
costs in training of the staff. Another disadvantage is the failure of the instru
ments of The da Vinci Robotic Surgical system. A survey of the MAUDE database 
showed that failures occurred in a number of robotic instruments in a short period. 
In reality many failures go unreported, therefore the exact failure rate can not 
exactly be determined and can be much higher9.

Thoracic applications of robotic surgery

Lung Cancer

Lung cancer is the main cancer worldwide whether considered in terms of inci
dence or mortality. More patients die of lung cancer then breast, colon and 
prostate cancer together10. Only patients with early stage lung cancer qualify for 
surgical resection. With the development of new screening tools like lowdose 
computed tomography (LDCT) it is possible that more early stage lung cancers 
suitable for surgical resection will be diagnosed in the future. 

VATS lobectomy was first described in the early 1990s and ever since multiple 
studies have been published. However only three of these published studies are 
randomized controlled trials comparing VATS lobectomy to thoracotomy. There is 
also a great variability in the techniques described so far. The variability exists in 
the surgical approach for the lobectomy itself, the size of utilization thoractomy 
and the use of rib spreading. Despite these variability’s, the studies published to 
date have shown that VATS lobectomy is safe to perform. It is a feasible technique 
for early stage lung cancer and provides at least the same oncological results. 
Additional to this, it has been shown that VATS lobectomy is associated with lower 
rates of postoperative complications and shorter duration of hospitalization.

Despite these advantages VATS lobectomy is not widely used by thoracic sur
geons. According to the Society for Thoracic Surgeons database (voluntary data
base) in 2006 around 32% of lobectomies were performed through VATS11. The 
authors showed that the percentage of lobectomies performed by VATS in  
STS database has been increasing; 21.6% in 2004 and 28.6 % in 2005. In the 
Nationwide Inpatient Sample Database (nonvoluntary database in US) however 
this number is as low as 6%12, indicating the overall application of VATS lobec
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tomies may be lower in nonacademic, smaller hospitals. The low application of 
VATS approach might be due to the limitations of VATS; it only has 2dimensional 
vision, difficult handeye coordination, the maneuverability is restricted and a 
steep learning curve. Robotic surgery might overcome these limitations. The use 
of robotic surgery for lobectomy is still in its infancy so the literature is sparse. 
There are no published randomized controlled trials comparing robotic lobec
tomy with VATS lobectomy. 

Melfi et al. were in 2002 the first to report a series of robotic lobectomies and 
showed that it was safe and feasible13. Ever since multiple series have been  
reported showing that robotic lobectomy is safe, feasible and has the same on
cological results (table 2). The early experiences with robotic lobectomy regard
ing chest tube drainage, morbidity, mortality, conversion rate and reasons for 
conversions are comparable with VATS1416. 

The largest published serie of robotic lobectomies is a multicentre study by Park 
et al. The authors reported robotic lobectomies in 325 consecutive patients for 
early stage NSCLC at 3 institutions17. The authors showed that robotic lobectomy 

Table 2. Review of the Published Studies on Robotic Lobectomies

Authors No. of 30 days  Follow-up, OC, OT, LOS, 
 patients mortality, % mo % minutes days
Melfi et al. 200421 23 4.3 – 8.7 192† 5.0†

Park et al. 200614 34 0 – 12 218* 4.5*

Melfi et al. 200822 107 0.9 – 9.4 220  5.0†

Charagozloo et al. 200923 100 3.0 32* 0 216† 4.0*

Veronesi et al. 201024 54 0 – 13 236* 5.0*

Augustin et al. 201125 26 3.8 27* 19 228* 11.0*

Dylewski et al. 201126 154/200 3.0¶ – 1.5 90* 3.0*

Cerfolio et al. 201127 104/168 0 – 7.7 132* 2.0*

Jang et al. 201128 40 0 – 0 240* 6.0*

Veronesi et al. 201116 91 0 24 11 239* 5.0*

Park et al. 201217 325 0.3 27 8.0 206* 5.0*

Meyer et al. 201220 185 1.6 – 1.6 211† 4.0*

¶ = 60 days mortality rate; OC = open conversion; OT = operative time; LOS = length of hospital stay;  
* = Median value; † = Mean value
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for nonsmall cell lung cancer was feasible and safe. The overall and stagespe
cific survival of robotic lobectomies for early stage NSCLC was comparable with 
the reported series of (VATS) lobectomies in the literature17, 18 With respect to the 
higher costs of robotic surgery related to purchase and maintenance of the tech
nology, Park et al. reported that robotic surgery is more expensive than VATS but 
less expensive than open thoracotomy. This was mainly because of the longer 
hospitalization in patients who underwent open thoracotomy19. 

Meyer et al. showed in a recent manuscript that the learning curve for robotic 
lobectomies in surgeons experienced with VATS was set around 18 ± 3 cases 
based on operative time, mortality and the surgeons comfort20.

An evaluation of the available literature shows that robotic surgery for lobec
tomies is comparable with the results in VATS lobectomies. However additional 
research by prospective randomized controlled trials comparing VATS and robotic 
lobectomies is warranted to discern the differences between these two tech
niques.

Mediastinal surgery

Anterior Mediastinum

In the anterior mediastinum the most frequently found mediastinal mass is a 
thymoma. Thymomas and thymus carcinomas are very rare tumors. Thymomas 
are frequently observed in patients with Myasthenia Gravis (MG). Up to 45% of 
the patients with a thymoma have MG and in 10% of patients with MG, a thy
moma is present29. The neurologist Oppenheim was the first who described the 
association between MG and the thymus30. The thymus gland plays a role in the 
complex pathogenesis of MG31. Therefore thymectomy has been accepted as a 
standard treatment of MG for patients < 50 years32.

Myasthenia Gravis

In 1936 Alfred Blalock was the first who performed a successful thymectomy  
by a median sternotomy in a patient with a mediastinal mass and Myasthenia 
Gravis33. Later thymectomy by partial sternotomy, a transcervical approach, ex
tended transcervical thymectomy, videoassisted thoracoscopic extended thymec
tomy and the transcervical subxyphoidvideothoracoscopic maximal thymec
tomy have been described3435. Thymectomy has been reported as a possible 
treatment for nonthymomatous MG. Series comparing VATS with sternotomy in 
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nonthymomatous MG have showed that in VATS thymectomy there is reduced 
operative blood loss, a shorter hospitalization and an equivalent MG remission 
rate36. Because of the heterogeneity in the surgical techniques described as VATS 
thymectomy the evaluation and comparison of the studies is difficult. 
On account of the lack of visualization the unilateral procedure underwent sev
eral modifications; a bilateral approach, an addition cervical incision and an 
addition subxiphoid incision have been described. 

A robotic approach is thought to facilitate a total extended resection for MG by 
a minimal invasive approach more accurate then thoracoscopic surgery. In 2004 
Bodner et al. were the first to report a series of 10 robotic thymectomies with an 
operative morbidity and mortality of 0% and a hospitalization of less than 3 days. 
Multiple small series have been reported ever since and have shown that robotic 
thymectomy for nonthymomatous MG is feasible, safe and can produce high 
cumulative complete remission rates3739.

Rückert et al showed in a retrospective cohort with 79 thoracoscopic and 74 
robotic thymectomies that the cumulative complete remission rate of MG is 
higher in the robotic group. After a followup of 42 months the cumulative com
plete remission rate was 20.3% in the thoracoscopic group and 39.25% in the 
robotic group. It is postulated that the superior outcome of robotic thymectomy 
is due to a more complete mediastinal resection because of superior 3dimen
sional vision and an enlargement of the operation field by insufflation with 
CO240.

Thymomas
Minimally invasive surgery for a thymoma remains controversial. Despite advan
tages of less blood loss and shorter hospitalization, VATS thymectomy for thymo
mas is not widely used. A complete surgical resection with the resection margins 
free of tumour is the most important factor for the curative treatment of thymo
mas41. It is controversial whether with VATS this can be accomplished. Recurrences 
after resections of a thymoma, possible rupture of the capsule and seeding of the 
tumour during endoscopic manipulations are associated with the minimal inva
sive approach. Longterm oncological results are not available yet and the pro
longed learning curve is a secondary reason for the reserved attitude. In the  
literature it is only recommended in highly selected patients with an early stage 
thymoma42. A median sternotomy is the standard approach for advanced stage 
thymomas. 
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A thymectomy for a thymoma by a robotic approach might overcome the limita
tions of thoracoscopic thymectomy because of the 3dimensional vision and the 
maneuverability of the instruments. There are only a few studies published  
regarding the outcome of robotic thymectomies in patients with a thymoma. 
(table 3). Marulli et al reported a multicenter European study of 79 early stage 
thymomas resected by robotic surgery. The authors indicated that robotic 
thymectomy is safe for early stage thymomas with a low complication rate, 
shorter hospitalization and acceptable oncological outcome. There were no vas
cular injuries, no nerve injuries and no perioperative mortality. However these 
results should be interpreted with caution as the median followup was only  
40 months43.

Keijzers et al. showed that robotic thymectomy is a safe and feasible approach 
for early and late stage thymomas. Tumour invasion in the lung, pericardium and 
phrenic nerve could be successfully handled with the robotic system; only inva
sion in major vessels was a bridge too far. Conversion to an open procedure was 
performed when the surgeon suspected the invasion of a major vessel. There 
were no conversions for surgical complications.

A summary of the available literature shows that robotic thymectomy is feasible 
in patients with MG. In patients with an early stage thymoma a robotic thymec
tomy is also feasible however with a median followup around 40 to 50 months 
a longer followup is indicated to evaluate the oncological outcome. 

Table 3. Review of the Published Studies on Robotic Thymectomy for Thymomas

Authors No. of  Masaoka Stage TS,  Follow-up,  RR,  OC, OT, LOS,
 patients I/II/III/IV cm mo % % minutes days
Mussi et al. 201244 13 7/6/0/0 3.3† 14.5* 0 7.7 139† 4.0†

Marulli et al. 201245 79 30/49/0/0 3.7† 51.7† 1.3 1.3 165† 4.4†

Keijzers et al. 2012  37 20/13/3/1 5.1† 41† 2.7 10.4 149† 3.0*

TS = Tumor Size; RR = Recurrence Rate; OC = Open Conversion; OT = Operative Time; LOS = length of 
hospital stay; * = Median value; † = Mean value
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Esophageal surgery

Robotic Heller Myotomy

Achalasia (Greek term that means ‘does not relax’) is an esophageal condition 
characterized by failure of the lower esophageal sphincter (LES) and a loss of 
peristalsis in the distal esophagus. The etiology is unknown, but different auto
immune and infectious etiologies are mentioned in the literature as possible 
causes. The aim of the treatment of achalasia is decreasing the pressure in the 
LES so that passage of nutrition no longer is difficult. Surgery by a Heller myoto
my has the best longterm outcome; in 1913 Ernst Heller was the first to describe 
a myotomy through a thoracotomy. The past twenty years minimally invasive 
Heller myotomy showed to be feasible46. A study of Shaligram et al. showed that 
robotic and laparoscopic surgery are superior to open Heller procedures; the 
hospitalization is shorter, there are less postoperative complications and less 
need for readmissions47. A robotic Heller myotomy seems similar in safety and 
efficacy to a pure laparoscopic approach.

Robotic Esophagectomy

An esophagectomy can be performed for benign and malignant diseases. It is a 
complex procedure associated with high mortality and morbidity. The 5year 
overall survival rate varies between 19% to 46.5% with early stage detection of 
esophagus cancer and good followup48, 49. The benefits of minimally invasive 
esophagectomy have been described in benign diseases such as achalasia and it 
is nowadays also applied in malignant esophageal diseases. 

Minimally invasive surgery for esophageal oncology remains controversial. Even 
in experienced surgeons the dissection of the hiatus and in the mediastinum can 
be difficult and timeconsuming. With the introduction of robotic surgery, sur
geons hoped to overcome these problems with the 3dimensional vision and the 
superior maneuverability of the instruments. 

In 2004 Kernstine and collegues were the first to describe a robotic esophagec
tomy in a 59years old man with an ulcerated esophageal adenocarcinoma. And 
since then many case series are published. The described techniques differ; 
transthoracic and transhiatal approaches combined with different degrees of  
robotic assistance and a laparoscopic approach for the abdominal section of  
the esophagectomy have been published. The best way to perform a robotic 
esophagectomy remains debatable and the used technique often depends of the 
surgeon’s preference. 
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The largest case series exists out of 40 robotic transhiatal esophagectomies and 
showed benefits in a selected patient population with mediastinal dissection, 
minimal blood loss and minimal postoperative morbidity50. Weksler et al com
pared 11 robotic esophagectomies with 26 thoracoscopic esophagectomies. The 
authors showed no significant differences in operative time, blood loss, number 
of resected lymph nodes, postoperative complications, days of mechanical ven
tilation and length of intensive care unit stay51.

Robotic esophagectomy in malignant diseases is feasible and the results are 
comparable with thoracoscopic esophagectomies. However there are no pub
lished prospective randomized controlled studies to monitor a better long term 
survival of robotic esophagectomy compared with conventional open esophagec
tomy. The first randomized controlled trial comparing robotassisted minimally 
invasive thoracolaparoscopic esophagectomy with open transthoracic esophagec
tomy started in januari 2012 in the Netherlands. The followup will be 5 years 
and their shortterm results will be published after discharge of the last random
ized patient52.

Conclusions

The highdefinition 3dimensional optics and the superior maneuverability of 
the instruments with 7 degrees of freedom and 360 degrees of rotation are the 
most favorable advantages of robotic surgery. These advantages overcome the 
weaknesses of thoracoscopic surgery and make it possible to perform complex 
procedures in small operation fields more accurate. The learning curve is signifi
cantly shorter than that of the straight thoracoscopic approach. The indications 
in the thoracic field include esophageal diseases, early stage lung cancer, medi
astinal tumours and thymic diseases. Although the evidence is insufficient, many 
published series show benefits in robotic surgery for early stage lung cancer, 
myasthenia gravis and thymomas. With the increased application and the promis
ing results it is possible that robotic surgery will markedly change thoracic sur
gery in the future. 
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Abstract

Background: The accuracy of a three-dimensional robotic-assisted videothora-
coscopic approach may favor a radical resection of thymomas. The aim of this 
study was to demonstrate the feasibility of the robotic approach by reporting  
8 years experience in a single referral center of surgical treatment of thymomas.
Methods: We retrospectively analyzed all consecutive patients who underwent 
a thymectomy from April 2004 to April 2012. We analyzed the procedure time, 
morbidity, mortality, conversions, hospitalization, freedom from recurrence, 
time to progression, and overall survival.
Results: From 2004 until 2012, a total of 138 robotic procedures for mediastinal 
tumors were performed in our center, of which 37 patients with a mean age of 
57.3 years underwent a thymectomy for a thymoma. Histological analysis revealed 
four type A thymomas (10.8%), seven type AB thymomas (18.9%), seven type B1 
thymomas (18.9%), fourteen type B2 thymomas (37.8%), four type B3 thymomas 
(10.8%), and one thymus carcinoma (2.7%). The Masaoka-Koga stages were as 
follows: stage I in twenty patients (54%), stage IIA in five patients (13.5%), stage 
IIB in eight patients (21.6%), stage III in three patients (8.1%), and stage IVa  
in one patient (2.7%). The mean overall procedure time was 149 min (range  
88-353). No surgical mortality was reported, and there were no peri-operative 
complications. No conversions were needed for surgical complications. In three 
cases, a conversion to sternotomy was preferred by the surgeon because tumor 
invasion in greater vessels was suspected. Two patients (5.4%) suffered from  
a myasthenic crisis postoperatively and required prolonged mechanical ven-
tilation. One patient (2.7%) underwent a procedure for a thoracic herniation  
6 months following thymectomy. The median hospitalization was 3 days. The 
follow-up analysis showed an overall survival of 100% and tumor recurrence in 
one patient (2.7%).
Conclusions: Robotic thymectomies are safe in patients with early-stage thymo-
mas. Robotic surgery may also be feasible for some selected advanced thymo-
mas.

Keywords: Thymoma, Minimally invasive surgery, Thymectomy, Robotic surgery.
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Introduction

Minimally invasive approaches for thymectomy are still controversial. A complete 
surgical resection with free margins is the most important prognostic factor for the 
curative treatment of thymomas. Video-assisted thoracoscopic thymectomy (VATS) 
was proposed as an alternative to conventional sternotomy more than 20 years 
ago1. More recently the da VinciTM Robotic System (Intuitive Surgical, Sunnyvale, 
CA, USA), providing three-dimensional video imaging and more refined technical 
possibilities, was introduced as it had the potential to offer advantages over two- 
dimensional VATS thymectomy during dissection of tissue from the phrenic nerves 
and the major intramediastinal vessels2, 3. For the treatment of non-thymomatous 
myasthenia gravis (MG), a robotic approach has already been proven safe and  
effective4. However, there are only few data available describing the outcome  
of robotic thymectomies in patients with a thymoma5, 6.

The aim of this study was to investigate the feasibility of robotic surgery for 
thymectomies in patients with a thymoma and to analyze the early oncological 
outcome after robotic thymectomy. We report our experiences in robotic 
thymectomies for thymomas in 37 consecutive patients.

Materials and methods

We retrospectively analyzed the clinic-pathological data of all consecutive patients 
who underwent a thymectomy from April 2004 to April 2012 in Maastricht  
niversity Medical Centre. From this series, all patients with a thymoma were  
selected. Patients were excluded from robotic surgery if a thymus carcinoma was 
suspected or if they had insufficient lung capacity for single-lung ventilation.

During the study period, six patients were excluded from robotic surgery. One 
patient, early in the onset of the study, was assumed to be too obese for a robotic 
thoracoscopic thymectomy. Lung capacity in one patient was not sufficient for 
single-lung ventilation and in four non-MG patients, invasion of the thymoma by 
pre-operative imaging was such that the presence of a thymus carcinoma was 
suspected.

Pre-operative evaluation included a computed tomographic (CT) scan of the 
chest (figure 1), spirometry, an electrocardiogram, and a neurological assessment. 
Pre-operative severity of MG was quantified according to the classification of 
the Myasthenia Gravis Foundation of America (MGFA). Steroid treatment was 
reduced using a hydrocortisone stress scheme or, if possible, completely with-
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drawn. The robotic thymectomies were performed from the right-side, except for 
left-sided localized thymomas.

Hospitalization was recorded in days from admission (1 day prior to surgery) 
until discharge from the hospital. The procedure time was defined as time from 
start of the robotic docking until closure of the skin. All intra- and postoperative 
complications and time of hospitalization were registered. Operative mortality 
was defined as death within 30 days after the surgery or during the same hospi-
talization. International Thymic Malignancy Interest Group (ITMIG) standards 
were used to report outcome7. Histological examination was performed ac-
cording to the new World Health Organization (WHO) classification, and all 
specimens were reviewed by two independent pathologists, one of whom had 
to be a member of the Dutch Thymoma Expert Panel. The Masaoka-Koga staging 
system was used for pathological staging of the thymoma8. Postoperative radio-
therapy, microscopic residual tumor (R1) and macroscopic residual tumor (R2) 
resections were registered. R1 and R2 resections were determined by the patholo-
gist in cooperation with the thoracic surgeon.

Figure 1. Preoperative computed tomographic scan of a 48-year old woman with a suspected  

thymoma.
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For oncological follow-up, a CT scan was done every year. All except one patient 
underwent a CT scan during the final 12 months of follow-up. Patients with MG 
were examined by a neurologist and monitored by measuring acetylcholine- 
receptor antibody titers. Improvement in MG status was quantified after a mini-
mum follow-up of 12 months according to the MGFA post-intervention status 
classification: complete stable remission (CSR; patients without symptoms or 
signs of MG for at least 1 year receiving no therapy), pharmacologic remission 
(the same criteria as for CSR except that the patient continues to take some form 
of therapy for MG), minimal manifestations (the patient has no symptoms of 
functional limitations from MG but has some weakness on examination of some 
muscles), improvement, unchanged, worse, exacerbation or died of MG9.  
Overall survival was defined as the period of time from surgery until death. In 
patients with R0 resections, the freedom-from-recurrence rate was determined 
and, in patients with R1 resection, the time to progression was measured.

Surgical technique

All procedures were performed by one of two surgeons who were trained for 
robotic surgery, with a specialized nursing team. The patient was placed supine 
with the middle part of the right thoracic cavity lifted up with an inflatable  
balloon to 30 degrees, taking care that the right shoulder remained lying down 
as much as possible to prevent interference with the movement of the right robot ic 
arm (figure 2). Three trocars were introduced after single left-lung ventilation had 
been installed, and the intercostal nerves were blocked at each trocar position. 
The first trocar was located in the fifth intercostal space at the mid-clavicle line. 
CO2 insufflation was started and the camera was temporarily introduced through 
this port to allow introduction of the second and third trocar in the fifth and third 
intercostal space at the anterior axillary line. Thymomas were resected by the 
‘no touch’ technique according to ITMIG criteria10. Resection of the thymoma 
and its surrounding tissue was started from the right phrenic nerve upwards,  
focusing on the bodies and the hind parts of the thymus up to the left phrenic 
nerve. Dissection continued in the jugular direction until the brachio cephalic 
vein was reached. Thymic veins were cut with cautery or using clips. During this 
time, connection of the specimen with the sternum was left untouched, as it 
helps to lift the specimen up from the major vessels. The left lung could be tem-
porarily hyper-inflated to get a better view of the left phrenic nerve. To complete 
dissection, the upper lobes were pulled down towards the diaphragm and freed 
from the jugular structures. The specimen was removed en bloc in an endobag 
through the mid-clavicular incision (figure 3).
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Figure 2. Patient position 30° right side up.

Figure 3. The thymus after robotic thymectomy.
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If resection of lung tissue was necessary, an endoscopic stapler was introduced 
through one of the trocars depending on the best angle for stapling. A small 
pleural catheter was introduced through a separate 2-mm puncture hole, allow-
ing the trocar wounds to be closed completely. This drain was removed as soon 
as an X-ray confirmed the absence of a pneumothorax, usually on the day of 
surgery.

Results

From April 2004 until April 2012, a total of 138 patients underwent a robotic 
thymectomy; in 37 patients, this was because of a thymoma. The characteristics 
of these patients are shown in table 1.

In four thymomas (10.8%) located on the left side, we used a left-sided approach. 
Twenty-eight (75.7%) patients were diagnosed with MG. The characteristics of 
these patients with MG are shown in table 2. The Masaoka-Koga stages were as 
follows: stage I in twenty patients (54.1%), stage IIA in five patients (13.5%), 
stage IIB in eight patients (21.6%), stage III in three patients (8.1%), and stage 
IVa in one patient (2.7%). The mean size of the thymomas was 5.1 cm (range 

Table 1. Patient characteristics

Characteristics Data
Patients, n 37
Female, n (%) 22 (59.5) 
Male, n (%) 15 (40.5) 
Mean (range) age at surgery, years 57 (27-88) 
MG, n (%) 28 (75.7) 
WHO histologic type, n (%)
 A 4 (10.8) 
 AB 7 (18.9) 
 B1 7 (18.9) 
 B2 14 (37.8) 
 B3 3 (8.1)
 C 1 (2.7)
Tumor size (cm), mean (range) 5.1 (0.01-10)
MG = myasthenia gravis, WHO = World Health Organization
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0.01-10). In 33 patients (89.2%), the thymoma was removed completely (R0), 
and in four patients the resection margins were microscopically not free of  
tumor (R1). In three patients (8.1%) with an R1 resection, a conversion to an 
open approach took place. The only (2.7%) robotic R1 resection was a thymoma 
type B2 (Masaoka-Koga stage III). The patient received postoperative radiotherapy 
and showed no tumor progression during follow-up. The procedure time ranged 
from 88 to 353 min, with a mean of 149 ± 55.3 min. The median hospital stay 
was 3 ± 4.8 days; 20 patients (54%) were discharged on postoperative day 2.

Complications

The complications are shown in table 3. There were no intra-operative deaths 
and no surgical complications. In two patients (5.4%), a major complication 

Table 2. Myasthenia gravis characteristics

Characteristics Data
Patients, n 37
Mean disease duration, months (range)     11.6 (0-72) 
Mean length of follow-up, months (range)    41.0 (0-79) 
Therapy at surgery, n (%)
Anticholinesterase 27 (96.2) 
Immunosuppressive drugs 14 (50.0)
Pre-operative MGFA classification, n (%)
 I 4 (14.3) 
 IIa 3 (10.7) 
 IIb 1 (3.6) 
 IIIa 1 (3.6) 
 IIIb 10 (35.7) 
 IVa 1 (3.6) 
 IVb 7 (25)
 V 1 (3.6) 
Postoperative status, n (%)
 Complete stable remission 1 (5) 
 Pharmacologic remission 5 (25) 
 Improved 7 (45) 
 Unchanged 2 (10) 
 Worse 3 (15)
MGFA = Myasthenia Gravis Foundation of America
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occurred as a result of a myasthenic crisis: one patient was admitted to the in-
tensive care unit with respiratory insufficiency on postoperative day 10, where 
she was intubated for 3 days and required hospitalization for 24 days. The other 
patient was postoperatively admitted to the intensive care unit because of respi-
ratory insufficiency; she was extubated after 6 days and required hospitalization 
for 25 days. A rare complication occurred in a patient (2.7%) who was readmitted 
to the hospital 9 months post-thymectomy (thymoma AB, size 10 cm, Masaoka- 
Koga stage I) because of a thoracic herniation. Minor complications occurred in 
two patients due to pleural effusion, and one patient suffered from a pneumonia 
treated with antibiotics.

Conversions

Our policy was to start a robotic approach if CT evaluation could not preclude 
invasion of tumor in greater vessels. With this policy, we only converted in five 
patients (13.5%), shown in table 4. Conversion to sternotomy was necessary in 
three patients, and to thoracotomy in two other patients.

In one case, tumor invasion in the left pulmonary artery could not be ruled out 
with the pre-operative CT-thorax; the robot demonstrated resectability from the 
pulmonary artery but invasion in the nervus phrenicus, pericardium, and the left 
lung. After conversion to an open approach, the tumor was resected by an ex-
tended resection with 10-15 cm of the pericardium, a part of the nervus phreni-
cus and a segment of the left upper lung. In the second patient, the pre-operative 
CT-thorax showed potential invasion in the vena anonyma. The robotic visual-

Table 3. Complications

Age Complication Pre-operative MGFA Masaoka-Koga WHO LOS
(years), sex  classification classification classification (days)
34, M Recurrence 4B IVa Thymoma B2 5
82, F Myasthenic crisis 4A I Thymoma A 24
43, F Myasthenic crisis 4B IIa Thymoma B2 25
59, M Thoracic herniation NA I Thymoma AB 6
70, M Pleural effusion 1 I Thymoma B2 7
78, F Pleural effusion NA I Thymoma B1 8
88, F Pneumonia NA I Thymoma B1 11
F = female, LOS = length of stay, M = male, MGFA = Myasthenia Gravis Foundation of America, 
NA = not applicable, WHO = World Health Organization
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ization did not confirm invasion but a biopsy revealed the presence of a thymus 
carcinoma. Hence, a sternotomy was performed with a R0 resection. In the third 
patient, there was suspicion of invasion of the tumor in surrounding tissue, 
which was not evident at the pre-operative CT-thorax. After conversion to an 
open procedure, the tumor was removed with a part of the left upper lung, part of 
the right upper lung, and pericardium.

A mini-thoracotomy was needed in two patients. In one patient, it was necessary 
to dissect part of the tumor that was attached to the brachiocephalic vein. In the 
other patient, a frozen section showed a thymus carcinoma and invasion in the 
right lung and phrenic nerve, and pleural metastases were observed. Therefore, a 
conversion to right thoracotomy was carried out to completely resect all lesions. 
The pathologic findings showed a type B2 thymoma (Masaoka-Koga stage IVa).

In an additional patient with a large tumor with a narrow point in the sinus of  
the diaphragm, the robotic approach was instrumental to confirm resectability and 
the absence of invasion in major vessels. After conversion to mini-thoracotomy, 
induced visualization was poor. However, because of the prior knowledge from 
the robotic approach, it was possible to remove the thymoma almost blinded.

Table 4. Conversions

Age Conversion Reason for Masaoka-Koga WHO LOS Resection
(years),   conversion classification classification (days) margins
sex
73, F Sternotomy Invasion surrounding  III Thymoma B3 6 R1
  tissue 
66, F Sternotomy Frozen section showed  III Thymuscarcinoma 5 R0
  thymuscarinoma  
38, M Sternotomy Invasion surrounding  IIb Thymoma B3 7 R1
  tissue 
70, M Thoracotomy Suspected invasion  I Thymoma B2 7 R0
  surrounding tissue 
34, M Thoracotomy Frozen section showed  IVa Thymoma B2 5 R1
  thymoma and/or 
  thymuscarcinoma
F = female, LOS = length of stay, M = male
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Follow-up

Follow-up was carried out at either our hospital (N = 17) or the referring hospi-
tals (N = 20). The median follow-up was 36 months (range 0-79). No patients 
were lost to follow-up. All patients were alive in April 2012. A recurrence  
occurred in one patient (2.7%), 27 months post-thymectomy (thymoma type B2, 
Masaoka-Koga stage IVa). Metastases in the right chest wall were seen on the CT 
scan, which were surgically removed (R0). In the patients with R1 resections, no 
progression of disease was seen on the CT-thorax. Follow-up of the MG patients 
started at 12 months post-thymectomy. Follow-up analysis of the MG patients 
with a follow-up > 12 months, with a mean of 39.3 ± 20.8 months, is shown in 
table 2.

Discussion

In this study, we describe the robotic thoracoscopic thymectomies of 37 unse-
lected consecutive patients with a thymoma. Previously reported robotic expe-
rience is rare and only considered in highly selected patients5, 6. Our series 
shows that it is safe to perform robotic thymectomies in patients with an early 
stage thymoma. No surgical mortality was reported, and there were no compli-
cations during the procedure. Postoperative morbidity was limited and in line 
with reports on conventional thymectomies. In our study, the conversion rate 
was 13.5%, which is comparable with the conversion rate described in the 
available literature5. There were no conversions for surgical complications.  
If conversions were carried out, they were in response to suspected invasion in 
major vessels. The conversions were therefore not considered a failure of the 
minimally invasive approach itself. The excellent visualization with the robot 
and the meticulous handling at high magnification allowed the surgeon con-
trolled dissection of most of the tumor. After preparation and identification of 
potential pitfalls, final resection through a small thoracotomy or sternotomy was 
fast and less hazardous. Therefore, if pre-operative imaging erroneously does not 
show tumor invasion, the initial approach with robotic surgery is not useless and 
may help to dissect the thymoma and visualize areas of tumor invasion to facil-
itate a subsequent thoracotomy or sternotomy.

Our series demonstrates that tumor invasion in the lung, pericardium, and phrenic 
nerve can be successfully resected with the robot. Invasion in major vessels was 
considered a bridge too far in our hands. However, others have used robotic 
surgery to handle major vessels, as is the case in robotic lobectomies11. There-
fore, dealing with tumor invasion in major vessels might become a next step in 
robotic thymectomy in the near future.
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From 1992 until today, a few studies have been published on VATS thymectomy 
for Masaoka-Koga stage I and Masaoka-Koga stage II thymomas. Even fewer data 
are available concerning robotic thymectomies for thymomas5, 12. With regards 
to the oncological outcomes, a complete surgical resection with free margins is 
the most important factor. Criticism remain over minimally invasive approaches 
for oncological resections. The chance of tumor spreading in the chest cavity has 
been reported in VATS13. However, two series comparing the oncological out-
come between VATS and the open approach showed no differences in recur-
rences14, 15. Ruckert et al.16 showed, in a cohort study, that robotic thoracoscopic 
thymectomy may have an advantage over a thoracoscopic approach. Visualiza-
tion of the mediastinum is better in three dimensions; the camera is more stable 
and the surgeon is more skillful due to the more comfortable position sitting be-
hind the console. These visual advantages result, in our experience, in a more 
complete resection.

The largest series of thymomas removed with a robotic approach was described 
by Marulli et al.6, who reported 79 left-sided robotic thymectomies with an ear-
ly stage thymoma collected from four different centers with a recurrence rate of 
1.3%. We performed all procedures in a three-trocar right-sided technique ex-
cept for four patients with a thymoma localized on the left side. We believe that 
a thymoma can be dissected safely from either side. We choose the right- 
sided approach because, in our view, maneuverability is superior in the right 
pleural space. Our median follow-up period was 36 months and showed a  
recurrence in only one patient (2.7%). These preliminary results are comparable 
with those in the available literature; however, the indolent nature of thymomas 
requires a longer follow-up period of 10 years to evaluate the survival and recur-
rence rate.

Myasthenia gravis

Our series consists of a large number of patients (28; 75.7%) affected with MG. 
The relationship between thymomas and MG is obvious. Epidemiological data 
show that 20-25% of patients with a thymoma also suffer from MG17, 18. In our 
study, we have a much higher number of patients affected with MG. This is  
because the Maastricht University Medical Centre is a referral hospital regarding 
the treatment of MG. The improvement of MG was analyzed according to MGFA 
post-intervention classification. No data have been reported regarding the neuro-
logic outcome after robotic thymectomy for thymomas in patients with MG. 
However, our results are comparable with those in studies using the same MGFA 
criteria but a different surgical approach19-21. The effect of thymectomy concern-
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ing the neurological outcome for MG in patients with a thymoma is less favor-
able than in non-thymoma patients. It has been suggested that patients who 
underwent a complete or partial remission of the myasthenic symptoms after 
thymectomy have a better oncological outcome19. Nevertheless, a poor neuro-
logical response after thymectomy is not a negative prognostic factor for onco-
logical outcome.

One patient returned 9 months post-thymectomy with a lung herniation. Post-
surgical lung hernias are rare but have been reported after minimally invasive 
surgery22, 23. The hernia was repaired with prosthetic mesh. The cause of the in-
cisional hernia was most likely multifactorial. The patient had a medical history of 
mild chronic obstructive pulmonary disease and of bilateral inguinal hernia  
repair 5 years earlier. There may have been an expression of a biological pre-
disposition, such as a structural collagen mismatch.

Our study has several limitations. First, we analyzed all the patients with a thy-
moma retrospectively; this may have resulted in a selection bias. Second, our 
series is small, includes patients in different stages of disease, and has a short 
follow-up. The outcome of thymomas is unpredictable and a longer follow-up  
is needed to obtain results on oncological outcome. The present study shows 
that robotic thymectomy for early stage thymomas is feasible and safe with no 
mortality, low morbidity, and a low conversion rate.

Conclusions

The present study demonstrates the feasibility of a relatively large single-center 
experience regarding robotic thymectomies in patients with early and more  
advanced stage thymoma. Additional follow-up in multi-institutional trials is  
required to evaluate the long-term oncological results of robotic thymectomy for 
thymomas.

Hoofdstuk 03.indd   53 11-05-15   15:54



Chapter 3

54

Hoofdstuk 03.indd   54 11-05-15   15:54



8 Years’ experience with robotic thymectomy for thymomas

55

References

1.  Dmitriev EG, Sigal EI (1996) Thoracoscopic surgery in the management of mediastinal 

masses. Indications, complications, limitations. Surg Endosc 10(7):718-720.

2.  Rückert JC, Ismail M, Swierzy M, Sobel H, Rogalla P, Meisel A et al (2008) Thoracoscopic 

thymectomy with the da Vinci robotic system for myasthenia gravis. Ann N Y Acad Sci 

1132:329-335.

3.  Ishikawa N, Sun YS, Nifong LW, Oda M, Watanabe G, Chitwood WR Jr (2009) Thoraco-

scopic robot-assisted extended thymectomy in the human cadaver. Surg Endosc 23(2): 

459-461.

4.  Freeman RK, Ascioti AJ, Van Woerkom JM, Vyverberg A, Robison RJ (2011) Long-term 

follow-up after robotic thymectomy for nonthymomatous myasthenia gravis. Ann Thorac 

Surg 92(3):1018-1022 discussion 22-23.

5.  Mussi A, Fanucchi O, Davini F, Lucchi M, Picchi A, Ambrogi MC et al (2012) Robotic 

extended thymectomy for early-stage thymomas. Eur J Cardiothorac Surg 41(4):e43-e46 

discussion e7.

6.  Marulli G, Rea F, Melfi F, Schmid TA, Ismail M, Fanucchi O et al (2012) Robot-aided 

thoracoscopic thymectomy for earlystage thymoma: a multicenter European study. J Thorac 

Cardiovasc Surg 144(5):1125-1130.

7.  Huang J, Detterbeck FC, Wang Z, Loehrer PJ Sr (2010) Standard outcome measures for 

thymic malignancies. J Thorac Oncol 5(12):2017-2023.

8.  Masaoka A (2010) Staging system of thymoma. J Thorac Oncol 5(10 Suppl 4):S304-S312.

9.  Jaretzki A 3rd, Barohn RJ, Ernstoff RM, Kaminski HJ, Keesey JC, Penn AS et al (2000) 

Myasthenia gravis: recommendations for clinical research standards. Task Force of the 

Medical Scientific Advisory Board of the Myasthenia Gravis Foundation of America. Ann 

Thorac Surg 70(1):327-334.

10.  Toker A, Sonett J, Zielinski M, Rea F, Tomulescu V, Detterbeck FC (2011) Standard terms, 

definitions, and policies for minimally invasive resection of thymoma. J Thorac Oncol 6 

(7 Suppl 3): S1739-S1742.

11.  Dylewski MR, Ohaeto AC, Pereira JF (2011) Pulmonary resection using a total endoscopic 

robotic video-assisted approach. Semin Thorac Cardiovasc Surg 23(1):36-42.

12.  Nakamura H, Taniguchi Y, Fujioka S, Miwa K, Haruki T, Takagi Y et al (2012) First expe-

rience of robotic extended thymectomy in Japan for myasthenia gravis with thymoma. 

Gen Thorac Cardiovasc Surg 60(3):183-187.

13.  Roviaro G, Varoli F, Nucca O, Vergani C, Maciocco M (2000) Videothoracoscopic ap-

proach to primary mediastinal pathology. Chest 117(4):1179-1183.

14.  Pennathur A, Qureshi I, Schuchert MJ, Dhupar R, Ferson PF, Gooding WE et al (2011) 

Comparison of surgical techniques for early-stage thymoma: feasibility of minimally  

invasive thymectomy and comparison with open resection. J Thorac Cardiovasc Surg 

141(3):694-701.

Hoofdstuk 03.indd   55 11-05-15   15:54



Chapter 3

56

15.  Cheng YJ, Kao EL, Chou SH (2005) Videothoracoscopic resection of stage II thymoma: 

prospective comparison of the results between thoracoscopy and open methods. Chest 

128(4):3010-3012.

16.  Rückert JC, Swierzy M, Ismail M (2011) Comparison of robotic and nonrobotic thoraco-

scopic thymectomy: a cohort study. J Thorac Cardiovasc Surg 141(3):673-677.

17.  Phillips LH 2nd (2003) The epidemiology of myasthenia gravis. Ann N Y Acad Sci 998: 

407-412.

18.  Tormoehlen LM, Pascuzzi RM (2008) Thymoma, myasthenia gravis, and other paraneo-

plastic syndromes. Hematol Oncol Clin North Am 22(3):509-526.

19.  Lucchi M, Ricciardi R, Melfi F, Duranti L, Basolo F, Palmiero G et al (2009) Association 

of thymoma and myasthenia gravis: oncological and neurological results of the surgical 

treatment. Eur J Cardiothorac Surg 35(5):812-816 discussion 6.

20.  Lopez-Cano M, Ponseti-Bosch JM, Espin-Basany E, Sanchez-Garcia JL, Armengol- 

Carrasco M (2003) Clinical and pathologic predictors of outcome in thymoma-associated 

myasthenia gravis. Ann Thorac Surg 76(5):1643-1649 discussion 9.

21.  Vachlas K, Zisis C, Rontogianni D, Tavernarakis A, Psevdi A, Bellenis I (2012) Thymoma 

and myasthenia gravis: clinical aspects and prognosis. Asian Cardiovasc Thorac Ann 20(1): 

48-52.

22.  Bhamidipati CM, Iyalla KI, Seymour KA, Lutz CJ (2012) Lung hernia following robotic- 

assisted mitral valve repair. J Cardiac Surg 27(4):460-463.

23.  Athanassiadi K, Bagaev E, Simon A, Haverich A (2008) Lung herniation: a rare complica-

tion in minimally invasive cardiothoracic surgery. Eur J Cardiothorac Surg 33(5):774-776.

Hoofdstuk 03.indd   56 11-05-15   15:54



57

8 Years’ experience with robotic thymectomy for thymomas

Hoofdstuk 03.indd   57 11-05-15   15:54



Hoofdstuk 03.indd   58 11-05-15   15:54



Chapter 4
Clinical and scientific  
aspects of acetylcholine 
receptor myasthenia gravis

Marlies Keijzers*, Gisela Nogales-Gadea*, Marc de Baets

Curr Opin Neurol. 2014 Oct;27(5):552-7

* Authors contributed equally to the writing of this article.

Hoofdstuk 04.indd   59 11-05-15   15:55



Chapter 4

60

Abstract

Purpose of review: Myasthenia gravis is a rare disease that causes impairment 
of the neuromuscular junction. In this review we will focus on the literature 
published in the last 18 months regarding autoimmune myasthenia gravis caused 
by antibodies against the nicotinic acetylcholine receptor myasthenia gravis. 
Acetylcholine receptor is the most common target of this autoimmune disease.
Recent findings: A high number of long-lived plasma cells are present in myas-
thenia gravis patients. Treatments to eliminate these plasma cells, such as protea-
some inhibitors, have proved utility in experimental autoimmune myasthenia 
gravis. MicroRNAs may have a role as biomarkers in myasthenia gravis. Epstein-Barr 
virus and human polyomavirus 7 are often found in myasthenia gravis thymus 
and may play a role in the initiation of the autoimmune process. Robotic thymec-
tomy has been proved well tolerated and minimally invasive for the patients and 
is likely to replace open surgery.
Summary: Knowledge of the initiation and perpetuation of the autoimmune re-
sponse in myasthenia gravis condition is increasing every year. This knowledge 
is paired with in-vivo and in-vitro studies that are directed to further understand 
this disease, and to improve current treatment options in severe or nonrespond-
ing patients. Specific treatments and diagnosis in myasthenia gravis tend to an 
early detection and a better quality of life.

Keywords: acetylcholine receptor myasthenia gravis, B-cells, miRNA, thymec to-
my, virus.

Hoofdstuk 04.indd   60 11-05-15   15:55



Clinical and scientific aspects of AChR myasthenia gravis

61

Introduction

Myasthenia gravis is a well known antibody-mediated disease of the neuromuscu-
lar junction. Antibodies to the acetylcholine receptor (AChR) are found in around 
85% with generalized myasthenia gravis and muscle-specific kinase (MuSK) 
anti body in up to 5%. Recently, antibodies to lipoprotein-related protein 4 (LRP-4) 
have been found in around 2%, and there are reports of antibodies to another 
neuromuscular junction specific protein, agrin1,2. Despite these new antigens, 
there is still a promyasthenia gravis (TAMG) has no sex preference and is found 
in 15% of patients4. Despite the impressive knowledge about myasthenia gravis, 
there are still no specific therapies apart from thymectomy for the disease, and 
most patients take generic immunosuppressive drugs with their longterm risks.

In this review we will limit ourselves to clinical and scientific aspects of AChR-
MG; Muscle-specific kinase-myasthenia gravis (MuSK-MG) is covered by Stephen 
Reddel and the congenital myasthenic syndromes by David Beeson.

Diagnosis

The diagnosis of myasthenia gravis should be relatively easy when the attending 
physician is alert to neuromuscular transition disorders, but the diagnosis can 
still be difficult, particularly if electrophysiological and serological tests are not 
available for confirmation. One helpful test for myasthenia gravis in the pres-
ence of ptosis and diplopia is the ice-pack test (figure 1)5.

The widely used radioimmunoprecipitation assay (RIA) for AChR antibodies re-
quires native AChR derived from a genetic modified rhabdomyosarcoma cell 
line (RSR, Cardiff, United Kingdom) or from ischemic (denervated) human muscle 
(IBL, Hamburg, Germany). However, as a substantial proportion of AChR anti-
bodies are directed at the main immunogenic region (MIR) on the AChR alpha 
subunits, several labs are trying to produce a recombinant form of MIR to be 
used in RIA and perhaps for antigen-specific apheresis (see later)6-8. In addition, 
more sensitive cell-based assays allow detection of antibodies that only bind to 
AChRs clustered on the surface of mammalian cells9. If AChR and MuSK anti-
bodies are absent, measurements of LRP-4 antibodies may help to confirm the 
diagnosis, especially in mild cases [Myasthenia Gravis Foundation of America 
(MGFA) class I and II]10, although this test is not yet widely used. As myasthenia 
gravis is often associated with other autoimmune diseases, organ and non organ-
specific antibodies can be of value; thyroid disorders and systemic lupus erythe-
matous appear to be the most common11.
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Electrophysiology

Electrophysiological abnormalities seen in myasthenia gravis muscles are primarily 
due to a decreased number of AChRs, but the destruction and simplification of 
the postsynaptic folds results in a reduction in sodium channels that exacerbates 
the disease. It may be the normal loss of folds in the extra ocular muscles that 
make them more vulnerable to the autoimmune attack12. Single-fiber electro-
myography (SFEMG), originally developed by Stalberg, is the most sensitive test 
for neuromuscular junction defect11. The use of disposable concentric needles is 
a good alternative for the expensive single-fiber needles13, if results are interpreted 
with caution, and particularly useful for sensitive areas such as the muscles  
of mastication13. Although SFEMG is not always positive in myasthenia gravis,  
it has a negative predictive value in identifying patients without myasthenia  
gravis14. Originally described by Desmedt and Borenstein15, the double step  
repetitive nerve stimulation test performed in myasthenia gravis patients under 
exercise and ischemic conditions increases the sensitivity and specificity of the 
repetitive nerve stimulation to 100%16.

B-cells

B-cells in myasthenia gravis have long been a target of research but with little 
success. Now, however, newer techniques are helping to define potentially rele-
vant B-cells, their markers and novel approaches to elimination of the anti body-
producing plasma cells.

B-cells producing interleukin-10 regulate autoimmunity, and impairment of 
their function or reduction in their number has been found in other autoimmune 
diseases17-19. B-cells producing interleukin-10 were found in lower numbers in 

Figure 1. Ice-pack test for myasthenia gravis. (a) Bilateral ptosis in a 50-year-old woman suspected 

with ocular myasthenia gravis, seronegative for acetylcholine receptor and muscle-specific kinase 

antibodies. (b) Ptosis improved after 2 min of ice applications on the right eye. With patient consent.

A B
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myasthenia gravis patients20, and these cells were repopulated faster in patients 
who responded to rituximab treatment (see below).

CD21 is another useful B-cell biomarker. Although the total amount on patients’ 
B-cells was lower than controls, CD21 was increased in the subset of AChR-spe-
cific B-cells correlating with the AChR titers21. Conversely, CD72, a regulatory 
molecule that can induce hyperactivation or inactivation of B-cells22, was low 
on myasthenia gravis B-cells and inversely correlated with AChR titers23. These 
results indicate that CD21 and CD72 may contribute to myasthenia gravis B-cell 
activation and antibody production.

The myasthenia gravis thymus has long been thought of as a site of germinal 
centers, plasma cells and antibody production in myasthenia gravis. It was sur-
prising, therefore, that the analysis of Epstein-Barr Virus (EBV) immortalized 
B-cells of untreated myasthenia gravis patients did not show enrichment of AChR 
specific B-cells in patients’ fresh thymi24; possible explanations could be prior 
differentiation of the B-cells into plasma cells, or the transfer of the B-cells to 
other immunological compartments such as the lymph nodes or spleen. Interest-
ingly, antibodies against striational proteins were found in both patients and 
controls, indicating that they belong to the natural repertoire. However, the 
number of striational antibodies and the number of B cells contained in the  
thymi were increased in myasthenia gravis patients, indicating an abnormal regu-
lation of B-cells in the thymus of these patients.

In a recent work Kohler et al.25 analyzed B-cells and plasma cell populations in 
blood and thymi of myasthenia gravis patients. In blood, no differences were 
detected in B-cells; however, plasma cells were higher in myasthenia gravis  
patients. Autoreactive B-cells (immunoglobulin D- and CD27-) were increased 
in thymic hyperplasia, but no differences in B-cell or plasma cell numbers were 
observed. Altogether, these results suggest that myasthenia gravis patients have 
enhanced frequencies of plasma cells in blood and therapies targeting these 
subsets of cells should be explored.

Micrornas

miRNAs are approximately 22 nucleotides small noncoding RNAs that have 
become of interest because of their regulatory role in gene expression26. They 
function via base-paring to mRNA molecules, silencing these mRNAs that will 
no longer be translated. In the human genome there is around 1000 miRNAs 
that target 60% of the human genes.
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miRNAs are often found altered in different human diseases27,28. It is thought that 
study of miRNAs can help to understand disease pathomechanisms and they 
might be useful as biomarkers.

Peripheral blood mononuclear cells (PBMCs) of myasthenia gravis patients showed 
low levels of miR-320a29, low levels of let-7 miRNA family30 and high levels  
of miR-146a31. There is some evidence that miR-320a and let-7c regulate some 
of the proinflammatory cytokines associated with myasthenia gravis. In the case 
of miR-146a, high levels were also found in the experimental autoimmune  
myasthenia gravis (EAMG) mouse model, and this miRNA possibly targets CD40, 
CD80, Toll-like receptor 4 (TLR4) and nuclear factor of kappa-light-chain-enhancer 
in B-cells (NF-kB)31.

Low levels of miR-145 in PBMCs and T effector cells were found in EAMG rats32. 
Studies in vitro determined that miR-145 might regulate the levels of T helper  
17 cells and T cell proliferation or inhibition. miR-145 overexpression through 
lentiviral infection in EAMG rats decreased the severity of disease and reduced 
AChR immunoglobulin G levels. Higher levels of miR-155 were found in B-cells 
from myasthenia gravis patients33. A combined therapy consisting of miR-155 
inhibition and antibodies against CD20 reduced AChR-specific antibody concen-
  tration in EAMG mice.

Circulating miRNAs have also been evaluated as a possible source of biomarkers 
for myasthenia gravis34. Profiling of serum miRNAs in different AChR-MG patients 
(EOMG, LOMG and TAMG) showed low levels of mir-15, miR-122, miR-140-3p, 
miR-185, miR-192, miR20b and miR885-5p. EOMG and LOMG showed similar 
deregulation in these miRNAs, and TAMG did not demonstrate additional differ-
ences. In addition, no differences in miRNAs were detected between the treat-
ments analyzed. At present, it is not clear whether circulating miRNAs have 
utility as biomarkers of prognosis or of treatment responses in myasthenia gravis.

Virology

Environmental factors may also play a role in the cause of myasthenia gravis. 
Active EBV infection in the thymus has been demonstrated by Cavalcante et al.35, 
supporting previous claims that EBV might contribute to the autoimmune re-
sponse in myasthenia gravis; however, this was not confirmed by Meyer et al.36. 
Human polyomavirus 7 (HPyV7) was detected in thymomas and follicular hyper-
plasias by polymerase chain reaction, fluorescence in-situ hybridization and  

Hoofdstuk 04.indd   64 11-05-15   15:55



Clinical and scientific aspects of AChR myasthenia gravis

65

immunohistochemistry. In follicular hyperplasia the HPyV7 positivity was mostly 
restricted to B-cells. There was no detection of HPyV7 in fetal thymic tissue  
revealing that the infection occurs in the postnatal period37. These results indicate 
a possible role of HPyV7 in thymomagenesis.

New approach to treatment

No class I evidence is available to support thymectomy in myasthenia gravis 
because of lack of suitable trials38,39. However, the first randomized controlled 
trial comparing thymectomy and prednisolone versus prednisolone therapy 
alone has enrolled over 100 patients, and the first results are expected in 201540. 
The existing data favor an extended dissection of the thymus and ectopic thymic 
tissue41; although the trial design requires sternotomy rather than less invasive 
methods, the results should still be relevant to the clinical benefits of thymec-
tomy by other methods.

This is important as over the last decade, minimally invasive thymectomy has 
been adapted broadly, and estimates indicate that around 3500 patients have 
now undergone a robotic thymectomy42. Marulli et al.43 reported the largest retro-
spective analysis of 100 patients with a 5-year probability of complete stable 
remission of 28.5%, most common in patients with mild myasthenia gravis 
(MGFA class I and II). Thymectomy through a robotic approach is also described 
in patients with thymomas. With zero mortality and low morbidity rates, this 
minimally invasive approach can result in an extended surgical complete dis-
section44. As a result of these encouraging results, thymectomy is now being 
considered more seriously in patients with ocular myasthenia gravis. A retro-
spective series describing thymectomy in 47 patients with ocular myas thenia 
gravis showed that patients who underwent an extended thymectomy had a 
more rapid remission, compared with nonsurgical treatment. However, again 
randomized controlled literature is missing, so we cannot conclude about the 
efficacy of surgical treatment for ocular myasthenia45. In addition, in these series, 
many patients continue to take immunosuppressive therapy, which makes it 
diffi cult to assign the remission to the thymectomy.

Myasthenic crisis

It is generally accepted that intravenous immunoglobulin (IVIG) and plasma-
pheresis are equally effective in the treatment of a myasthenic crisis46,47, although, 
in the authors’ experience, plasmapheresis has a more consistent response rate 
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than IVIG. This was also reported in a recent study in juvenile autoimmune  
disease48. Selective extracorporal elimination of AChR antibodies using extra-
cellular domains of the AChR subunits may be a good alternative for future 
treatment49, although the risks of antigen leakage will have to be carefully  
assessed. For chronic treatment of myasthenia gravis, the standard immuno-
suppressive therapy, including corticosteroids, cyclosporine A, azathioprine and 
mycophenolate mofetil, can be extended by proteasome inhibitors known to 
induce a fast drop in autoantibody titers50. Or alternatively, chronic IVIG treat-
ment or anti-AChR blocking antibodies could be used51-53. The effect of ritux-
imab in MuSK-myasthenia gravis has been shown to be very effective54. In contrast, 
in AChR-MG the effects are variable55.

Proteasome inhibitors

Proteasome inhibitors are drugs that are approved for use in multiple myeloma. 
They are particularly effective against cells that produce high levels of protein, 
and plasma cells, which are factories of antibody production, should be very 
susceptible to inhibition of proteasomes50. In the EAMG mouse model, bortezo-
mib, a proteasome inhibitor, produces a 40-70% reduction in plasma cell num-
bers, and a 60% drop in the levels of specific AChR antibodies, with preser-   
vation of the normal neuromuscular junction structure and improvement in neuro-
muscular transmission56. In-vitro studies on human plasma cells (from the thymus) 
that produce AChR antibodies in culture have confirmed that this drug can  
inhibit specific antibody production57. At present toxicity prevents their use in 
myasthenia gravis, but improved proteasome inhibitors could provide an option 
for rapid treatment of severe myasthenia gravis.

Conclusion

Myasthenia gravis is one of the better-studied autoimmune diseases. Nowadays, 
a broad availability of tests favors an early diagnosis. New studies in B-cells  
indicate that long-lived plasma cells in the bone marrow may need to be target-
ed. In this sense, proteasome inhibitors appear as a promising therapy. Utility of 
thymectomy in immunosuppressed patients will be shown soon in a random-
ized controlled trial. Virus infections can trigger myasthenia gravis in some  
thymoma patients. New studies on miRNAs may reveal associations with myas-
thenia gravis disease or treatment responses.
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Abstract

Objectives: Thymectomy is frequently used in the treatment of myasthenia gravis 
(MG). But indication, timing or surgical approach remain controversial. This study 
reports our experiences with robotic thymectomy and surgical and neurological 
outcomes in a large cohort of patients with MG.
Methods: We retrospectively analysed the outcome of 125 patients with MG who 
underwent a robotic thymectomy using the da Vinci Surgical System (Intuitive 
Surgical, Inc., Sunnyvale, CA, USA) between 2004 and 2012. The Myasthenia 
Gravis Foundation of America (MGFA) Classification was used to determine pre-
operative and postintervention status.
Results: Ninety-five women and 30 men underwent a robotic thymectomy. One 
hundred patients had a neurological follow-up of more than 12 months. Pre-
operative most severe MGFA classification was Stage I in 11 patients (8.8%), 
Stage IIA in 18 patients (14.4%), Stage IIB in 18 patients (14.4%), Stage IIIA in  
7 patients (5.6%), Stage IIIB in 29 patients (23.2%), Stage IVA in 10 patients 
(8.0%), Stage IVB in 29 patients (23.2%) and Stage V in 3 patients (2.4%). Median 
surgical procedure time was 123 min (range 45-353 min). There were no major 
perioperative complications or deaths. The median postoperative hospital stay 
was 3 days (range 2-24 days). Histological analysis showed thymic remnant tissue 
in 41 patients (32.8%), follicular hyperplasia in 52 patients (41.6%), thymoma  
in 31 patients (24%), lipoma in 1 patient (0.8%) and a cyst in 1 patient (0.8%). 
Patients with thymic remnant tissue were significantly more preoperative steroid 
users compared with the follicular hyperplasia group (P = 0.02). With a median 
follow-up of 33 months (range 12-104 months), 77% of the patients showed 
neurological improvement. Three-year probability remission rate [complete stable 
remission (CSR) and pharmacological remission] is 28.2%. Patients who were 
not treated with prednisolone preoperatively showed a significant higher CSR 
than patients who did take prednisolone (P = 0.014). No significant difference 
was observed regarding timing of surgery (P = 0.37).
Conclusions: Robotic thymectomy in patients with MG is safe and feasible.  
A neuro logical benefit and decreased use of steroids can be obtained in the 
majority of patients. No significant difference in neurological outcome was  
observed as the result of timing of robot thymectomy after the onset of MG.
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Introduction

Myasthenia gravis (MG) is an autoimmune disorder that affects the neuromuscular 
junction and is characterized by weakness and fatigability of skeletal muscles 
worsening upon exertion. With an incidence of 30 per 1 000 000 person/year 
MG is regarded as a rare disease1. The pathogenesis of MG has not yet been 
fully understood; however, the thymus plays a central role in the complex patho-
genesis of MG2. Non-thymomatous MG can be distinguished based on the age 
of disease onset in early onset MG (EOMG) (< 50 years) and late onset MG 
(LOMG) (> 50 years). In EOMG, but not in LOMG, frequently hyperplasia of  
the thymus is found. MG associated with thymoma is most often seen in older 
patients, supporting the varying roles of thymic pathology in the different forms 
of MG3. In 1911, Ferdinand Sauerbruch was the first to report improvement  
of myasthenic symptoms after thymectomy in a female with MG and hyper-
thyroidism4. Blalock was the first to report clinical improvement after therapeutic 
thymectomies in 20 patients with MG5.

Extended thymectomy is currently recommended as a treatment option for patients 
younger than 60 years and with a combination of generalized MG and antibodies 
against acetylcholine receptor (AChR+)6. However, a Cochrane review showed 
that the level of evidence is low; hence, a randomized, controlled trial is miss-
ing7. A large multicentre randomized, controlled prospective Phase III study sup-
ported by the National Institutes of Health – National Institute of Neurological 
Disorders and Stroke and the Myasthenia Gravis Foundation of America (MGFA) 
comparing steroid treatment plus thymectomy by sternotomy versus steroid treat-
ment in 150 patients is ongoing and results are expected in August 20158.

Many different surgical approaches exist, ranging from an invasive maximum 
transcervical-transsternal thymectomy9 to minimally invasive approaches such as 
conventional three-port thoracoscopic thymectomy and robotic thymectomy10,11. 
In addition, the heterogeneity of MG and the various classification systems used 
to quantify the postintervention status makes it even more difficult to come to a 
consensus12.

In the absence of a leading directive, there also remains controversy regarding 
the surgical approach and the timing of thymectomy. The selected approach of 
our centre is the robotic thymectomy. This minimally invasive procedure results 
in minimal scarring and short hospital stay. Until now, research regarding robotic 
dissection of the thymus is scarce and only a few publications are available.  

Hoofdstuk 05.indd   75 11-05-15   15:55



Chapter 5

76

In addition, there are different classification systems used to rate remission. In this 
study, we will describe our surgical feasibility and neurological outcome with 
robotic thymectomy in a large cohort of patients with MG using the MGFA clini-
cal research standards as outcome parameter. The feasibility of robotic thymec-
tomy for thymomas in MG and non-MG patients has been demonstrated in our 
previous published series13.

Material and methods

We retrospectively analysed all consecutive patients who underwent a robotic 
thymectomy between April 2004 and December 2012 referred from all over the 
Netherlands (41 centres). The majority of the thymectomized patients had gener-
alized MG with AChR antibodies. Patients with LOMG were only eligible for 
thymectomy when there was a suspicion for a thymoma. Occasional ocular or 
seronegative MG patients unresponsive to immunosuppressive treatment or  
suspected for the presence of a thymoma were also included. Exclusion criteria 
for robotic thymectomy encompassed insufficient lung capacity to undergo  
single-lung ventilation (forced vital capacity < 70%) or radiological suspicion of 
a thymic carcinoma. The size of a thymoma was not an exclusion criterion (range 
0.01-10 cm). Patients with anti-muscle-specific tyrosine kinase (MUSK) antibodies 
were not selected for surgery. Preoperative evaluation included a computed  
tomography (CT) scan or magnetic resonance imaging of the chest, spirometry, 
an electrocardiogram and a neurological examination. Preoperative neurological 
examination of all the patients was performed by a single physician specialized 
in MG (Marc de Baets). The diagnosis of MG was based on clinical examination, 
repetitive nerve stimulation or single fibre electromyography and the presence of 
AChR antibodies. In patients with negative AChR, further examination for anti-
MUSK antibodies was performed. Preoperative severity of MG was classified 
according to the MGFA classification.

Patients were hospitalized 1 day prior to surgery. The procedure time was qual-
ified as the time starting the robotic docking till the end of surgery. All patients 
were extubated immediately following surgery. As none of the cases required 
blood suction no documentation of blood loss was performed. Perioperative 
(additional port access or open conversion) and postoperative complications 
were registered. Thymomas were classified according to the Masaoka-Koga 
Staging System and revised by a second pathologist, whereas the histology was 
staged according to the World Health Organization. In patients with histologi-
cally proven thymoma, follow-up consisted of an annual-chest CT. Patients were 
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monitored by a neurologist of the referral centre or at Maastricht UMC (Marc de 
Baets). Changes in symptoms of MG were quantified according to the MGFA 
postintervention status classification as: complete stable remission (CSR) (patients 
without symptoms or signs of MG for at least 1 year receiving no therapy), pharma-
cological remission (PR) (the same criteria as for CSR except that the patient 
continues to take some form of therapy for MG), minimal manifestations (the 
patient has no symptoms of functional limitations from MG but has some weak-
ness on examination of some muscles), improvement, unchanged, worse, exac-
erbation and deceased as a result of MG. The clinical improvement rate was 
determined of all the patients who improved according to the MGFA postinter-
vention status.

Statistical analysis

Data were reported as median and range. Statistical analysis was performed 
with SPSS 20.0 statistical software (SPSS, Inc., Chicago, IL, USA). The 3-year 
probability of remission was determined by the Kaplan-Meier analysis. Differences 
between survival curves were tested with the log-rank test. A Cox proportional 
hazard regression analysis was performed as multivariety analysis. The χ2 test 
was used to test differences of proportions between the levels of categorical 
data. Statistical significance was considered with the probability value of P < 0.05.

Surgical technique

All procedures were performed by one or two surgeons who were trained in 
robotic surgery, with a specialized nursing team. The patient was placed supine 
with the middle part of the right thoracic cavity lifted up with an inflatable  
balloon to 30°, taking care that the right shoulder remained lying down as much 
as possible to prevent interference with the movement of the right robotic arm. 
Three trocars were introduced after single left-lung ventilation had been installed, 
and the intercostal nerves were blocked at each trocar position. The first trocar 
was located in the fifth intercostal space at the mid-clavicle line. CO2 insuffla-
tion was started and the camera was temporarily introduced through this port  
to allow introduction of the second and third trocars in the fifth and third inter-
costal space at the anterior auxillary line. Thymomas were resected according to 
the ‘no touch’ approach recommended by the International Thymic Malignancy 
Interest Group (ITMIG) criteria, as described in our recent published series13.  
An extended resection according to Masaoka et al.14 with resection of all the 
ectopic thymic tissue started from the right phrenic nerve upwards, focusing on 
the bodies and the hind parts of the thymus up to the left phrenic nerve. Dissec-
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tion continued in the jugular direction until the brachiocephalic vein was 
reached. Thymic veins were cut with cautery or using clips. During this time, 
connection of the specimen with the sternum was left untouched, as it helps to 
lift the specimen up from the major vessels. The left lung could be temporarily 
hyperinflated to get a better view of the left phrenic nerve. To complete dissec-
tion, the upper lobes were pulled down towards the diaphragm and freed from 
the jugular structures. The specimen was removed en bloc in an endobag through 
the mid-clavicular incision. If resection of lung tissue was necessary, an endo-
scopic stapler was introduced through one of the trocars depending on the best 
angle for stapling. A small pleural catheter was introduced through a separate 
2-mm puncture hole, allowing the trocar wounds to be closed completely. This 
drain was removed as soon as an X-ray confirmed the absence of a pneumothorax, 
usually on the day of surgery.

Results

Ninety-five women (76%) and 30 men (24%) with MG underwent a robotic 
thymectomy between 2004 and 2012. Patient characteristics are given in table 1. 
The median age was 33.5 years (range 12-82 years). Patients were equally  
distributed over MGFA Class I-IV. The median procedure time was 123 min 
(range 45-353 min). The median postoperative hospitalization was 3 days (range 
2-24 days). There were no perioperative complications and no additional access 
ports or any conversions for surgical complications. In 5 patients (4.0%), all 
patients with a thymoma, a conversion to median sternotomy or thoracotomy was 
preferred because an invasive thymoma was suspected during operation. In one 
of the patients (procedure time 353 min), a conversion to a thoracotomy was 
needed because of invasion in the caval vein and brachiocephalic vein13.

Postoperative complications occurred in 9 patients (7.2%). In our early experience, 
a myasthenic crisis requiring prolonged mechanical ventilation occurred in  
2 patients (1.6%). Both patients were treated with plasmapheresis. One patient 
(0.8%) was re-admitted 1 week after discharge after resection of thymic remnant 
tissue with a lung embolism and treated with anticoagulants for 6 months. Four 
patients (3.2%) were treated with antibiotics because of fever, and pneumonia 
was treated with antibiotics in 1 patient (0.8%). Pleural effusion necessitated 
pleural drainage in 1 patient (0.8%).

Histological analysis showed thymic remnant tissue in 41 patients (32.8%), folli cu-
lar hyperplasia in 52 patients (41.6%), thymoma in 32 patients (25.6%), lipoma 
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in 1 patient (0.8%) and a cyst in 1 patient (0.8%) as described in table 2. In patients 
with thymic remnant tissue, there were significantly more patients on steroids 
preoperatively compared with the follicular hyperplasia group (P = 0.02), which 
is concordant with the fact that steroids are toxic for lymphocytes.

Follow-up

At the last follow-up in December 2012, all 125 patients were alive. Recurrence 
of thymoma was observed in 2 patients (6.5%). In 1 patient, a recurrence was 
seen 2 years postoperatively (thymoma type B2, Masaoka-Koga Stage IVa, con-
version to thoracotomy, R1) and in the other patient a recurrence occurred 5 years 
postoperatively (thymoma type B2, Masaoka-Koga Stage I, R0).

Median follow-up was 33 months (range 12-104 months). Follow-up of more 
than 12 months was available for 105 patients. Five patients were lost to follow-
up, none of them had a thymoma. The neurological follow-up was performed  
at our hospital [44 patients (44%)] or the referral centre [56 patients (56%)].  
The 3-year probability of CSR rate was 16.9% (figure 1). The 3-year probability of 

Table 1. Patient characteristics

Characteristics Data
Patients, no. (%) 125
 Female  95 (76) 
Age (years)
 Median (years) (range) 33.5 (12-82) 
Antibodies, no. (%)
 Anti-AChR positiv 110 (88) 
 Seronegative 15 (12)
MGFA Classification, no. (%)
 Class I 11 (8.8) 
 Class IIA 18 (14.4) 
 Class IIB 18 (14.4) 
 Class IIIA 7 (5.6) 
 Class IIIB 29 (23.2) 
 Class IVA 10 (8.0) 
 Class IVB 29 (23.2) 
 Class V 3 (2.4)
AChR = acetylcholine receptor; MGFA = Myasthenia Gravis Foundation of America

Hoofdstuk 05.indd   79 11-05-15   15:55



Chapter 5

80

remission rate (all patients with CSR or PR) was 28.2% (figure 2). Median time to 
remission was 20 months (range 12-72 months). MG improved in 77% of the 
patients after thymectomy. In table 3, the Kaplan-Meier analysis of 100 patients 
with a follow-up > 12 months is given. A trend for a higher CSR rate was seen in 
young patients (P = 0.06). A trend for an increased CSR rate was also observed in 
patients with EOMG compared with LOMG (P = 0.08). Preoperatively 50% of the 
patients used prednisolone in a median dosage of 58 mg/day (range 10-125 mg). 
Postoperatively the prednisone dose was reduced in 52% of patients and with-
drawn in 38% of patients. However, in 13% of patients, prednisolone treatment 
was started post-thymectomy (median 10 mg, range 2.5-20 mg).

The prednisolone dose after surgery was reduced to a median of 10 mg (range 
2-60 mg). Patients who were not treated with prednisolone preoperatively 
showed a significant higher probability rate for 3-year CSR compared with patients 
who were treated with prednisolone (P = 0.014) (figure 3). Cox proportional  
hazard regression analysis was performed for age, preoperative MGFA classifica-
tion, histology, type of MG and preoperative prednisolone. This analysis showed 
no significant statistical difference.

Table 2. Histological characteristics after thymectomy

Characteristics Data, no. (%)
Histological analysis
 Thymic remnant tissue  41 (32.8)
 Follicular hyperplasia  52 (41.6)
 Thymoma type A  5 (4.0)
 Thymoma type AB  3 (2.4)
 Thymoma type B1  3 (2.4)
 Thymoma type B2  14 (11.2)
 Thymoma type B3  5 (4.0)
 Lipoma  1 (0.8)
 Cyst  1 (0.8)
Masaoka-Koga staging
 Stage I  13 (43.3)
 Stage IIA  8 (26.7)
 Stage IIB  6 (20)
 Stage III  2 (6.7)
 Stage IVA  1 (3.3)
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Figure 1. Cumulative probability rate of 100 patients without CSR. CSR: complete stable remission.
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Figure 2. Cumulative probability rate of 100 patients without remission (CSR or PR).  

CSR: complete stable remission; PR: pharmacological remission.
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Table 3. Kaplan-Meier statistical analysis of 100 patients with a follow-up > 12 months 

predicting remission

Factor  Three-year P-valuea Three-year P-valuea

  CSR rate (%)  remission 
    rate (%
Age (12-82 years)
 < 33 (n = 50) 20.9 0.06b 28.0 0.99
 > 33 (n = 50) 7.7  28.6
Gender  0.32  0.57
 Female (n = 73) 18.2  26.3
 Male (n = 27) 4.5  34.9
AChR antibodies  0.86  0.88
 Positive (n = 91) 14.5  28.1
 Seronegative (n = 9) 11.1  22.2
Preoperative MGFA  0.10b  0.28
 Class I-II (n = 37) 20.2  33.5
 Class III-IV (n = 63) 11.2  24.2
Histology  0.13b  0.46
 Benign thymic tissue (n = 73) 17.7  26.5
 Thymoma (n = 27) 5.6  34.1
Preoperative duration symptoms  0.37  0.98
 < 12 months (n = 43), range (0-12 months) 12.2  30.8
 > 12 months (n = 57), range (12-144 months) 16.0  26.8
Type of MG
 Early onset (n = 81) 20.4 0.08b 28.7 0.71
 Late onset (n = 19) 0.0  25.8
Preoperative prednisolone
 No (n = 50) 25.9 0.014b 36.1 0.20
 Yes (n = 50) 6.2  19.0
Remission rate = CSR + PR; AChR = acetylcholine receptor; MGFA = Myasthenia Gravis Foundation of 
America; MG = myasthenia gravis
a Unadjusted P-value performed by log rank
b Cox proportional hazard regression analysis showed no significant hazard ratio

Hoofdstuk 05.indd   82 11-05-15   15:55



Robotic thymectomy in patients with MG

83

Discussion

We report the results of robotic thymectomy in 125 patients with MG. We encoun-
tered no perioperative complications and a low rate of postoperative complica-
tions [9 patients (7.2%)]. With a median follow-up of 33 months, our 3-year prob-
ability of remission was 28.2%. MG improvement was seen in 77% of the 
patients. In patients using steroids, we observed a significantly increased inci-
dence of thymic remnant tissue compared with follicular hyperplasia in patients 
who did not (P = 0.01).

No perioperative complications occurred probably as a result of superior 3D 
quality of visualization of the thymus. This visualization also facilitated an easy, 
safe and precise dissection of thymic tissue from the phrenic nerve and vascular 
structures. No additional access ports were necessary to facilitate a radical ex-

Figure 3. Cumulative probability rate of 100 patients without CSR using steroids preoperatively 

using log rank (P = 0.014). CSR: complete stable remission; no: no prednisolone preoperative; yes: 

prednisolone.
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tended resection. Robotic resection is also associated with disadvantages, such 
as high costs and lack of tactile feedback. The latter, however, is compensated by 
experience with the information the brain gets from the visualization with the 
3D camera. Centralization of robotic surgery in specialized hospitals and multi-
disciplinary usage of the robotic system as in the Netherlands where Maastricht 
is a national referral centre, may result in lower costs in the future. Centraliza-
tion probably also accounts for our low peri- and postoperative complications. 
At the start of our robotic programme, two patients experienced a myasthenic 
crisis requiring prolonged mechanical ventilation. The use of preoperative im-
munosuppression in severe MG patients possibly prevented a crisis occurring 
later on in our thymectomy programme.

The role of thymectomy in the treatment of non-thymomatous MG remains con-
tro versial because of the lack of a randomized, controlled trial. Therefore, results 
of an ongoing prospective randomized, controlled trial are awaited. The different 
classifications systems used to report remission rates make it difficult to compare 
the results of the published series. Recommendations for a uniform follow-up 
classification system in clinical research were published in 2000 by the MGFA15. 
We adapted these classifications and used the Kaplan-Meier analysis for remission 
rates.

Since the introduction of robotic thymectomy, around 500 robotic thymectomies 
have been published16. The largest series reported by Marulli et al. showed the 
surgical and neurological outcome after robotic thymectomy in 100 patients. 
The 5-year probability of CSR was 28.5%10. Other robotic series adopting the 
MGFA recommendations showed CSR rates between 28 and 42%11,17. Remis-
sion rates for open trans-sternal thymectomy have been reported between 17 
and 34%18,19. Our 3-year probability of CSR is 16.9% and the 3-year probability 
of remission rate 28.2%. The relatively low remission rates might be caused by 
two components. First, patients prefer to continue pyridostigmine and are there-
fore not defined as CSR or PR. Moreover, neurologists in the Netherlands do not 
stop azathioprine treatment in patients who are free of symptoms because of the 
possibility of a relapse. Michels et al.20 showed that discontinuation of azathio-
prine treatment led to a relapse in 60% of patients. For that reason, we continue 
medical treatment for at least 2 years in remission patients. Second, our short 
median follow-up of 33 months may therefore have led to a bias. The clinical 
improvement rate after surgery of 77% is in line with results following conven-
tional surgery.
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A significantly higher CSR rate was observed in patients without preoperative 
treatment of prednisolone (P = 0.014). Fifty-four percent of these patients had 
MGFA Class I and II. This is in contrast to the idea that steroid treatment com-
bined with extended thymectomy will result in a more favourable outcome due 
to a more stable MG status21. We observed a trend in patients with early stage 
MG for higher CSR rates (P = 0.08). This is in line with the literature describing 
reluctant thymectomy for late-onset non-thymomatous MG. LOMG patients 
only underwent a thymectomy when a thymoma was suspected.

The median duration of preoperative symptoms was 12 months. Despite not seeing 
a significant difference in the duration of symptoms before surgery, we tend to 
perform thymectomy early after diagnosis as a delay does not result in a higher 
CSR rate. Earlier published series showed that patients with a thymoma have a 
worse CSR after thymectomy22. In our series, however, the CSR rate in thymoma 
patients did not differ from the non-thymomatous group.

We currently do not take out lymph nodes routinely during thymectomy. How-
ever, this may change in the near future, as the ITMIG will shortly publish a lymph 
node map for thymic malignancy.

Early adopters of robotic-assisted lung cancer surgery have pointed out that one 
of the major advantages of the robotic approach in comparison to the conven-
tional VATS procedure is the quality and enhancements of the lymph node dis-
section23. If the thymectomy procedure has to be extended with a lymph node 
resection, the procedure is likely to benefit from the robotic approach in a simi-
lar way.

Meraouna et al. demonstrated that corticosteroid treatment can modulate thymic 
pathology. B-cell infiltration that leads to thymic hyperplasia might play a role in 
the development of MG. Steroid treatment has a biological effect on B cells. 
Numerous B-cell markers that are overexpressed in hyperplastic MG thymi are 
normalized in the thymus of MG patients treated with corticosteroids24. The  
reduction in B-cell numbers was also observed in our series; patients using  
steroids had significantly more often a thymic remnant tissue compared with 
follicular hyperplasia (P = 0.02).
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Limitations

This study has several limitations; it is a single-centre retrospective analysis, 
which could have led to a selection bias. The patient population is heteroge-
neous, including ocular, mild, generalized and seronegative MG patients. Many 
patients were referred to our hospital only for the surgery and follow-up was 
performed at the referral centre, which may have resulted in different clinical 
evaluations and decisions regarding the medical treatment of MG.

Conclusions

In this article, we described robotic thymectomy in 125 patients with MG. No 
sur g ical mortality occurred and morbidity rates were low, demonstrating a feasi-
ble and safe surgical procedure. The myasthenic symptoms improved in more 
than three quarters of the patients after this minimally invasive procedure. No sig-
nificant difference in neurological outcome was observed as a result of differ-
ences in timing of robotic thymectomy.
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Abstract

Myasthenia Gravis (MG) is a neuromuscular autoimmune disease, where anti-
bodies against the acetylcholine receptor destroy this receptor. The role of thymec-
tomy in the treatment of MG remains controversial. Because of the frequent  
association with other autoimmune diseases we hypothesized that patients with 
multiple autoantibodies (autoAbs) might have a lower chance of reaching com-
plete stable remission after thymectomy. We analyzed sera of 85 MG patients 
who underwent a thymectomy between April 2004 and December 2012. We used 
4 different immunodot kits (D-Tek, Mons, Belgium): ANA25 Quantrix, Synthetase 
10 Diver, Myositis 7 Diver and Liver 10 profile Diver, all automatized on the 
BlueDiver Instrument (D-Tek). The Myasthenia Gravis Foundation of America 
(MGFA) postintervention status was used to determine the outcome after thymec-
tomy. AutoAbs other than anti-acetylcholine receptor (AChR) antibodies were 
detected in 29.4% of the patients of whom 16.5% clinically had a second auto-
immune disease. In none of the seronegative patients other autoAbs were de-
tected. No significant difference was observed in the 3-years remission rate after 
thymectomy in patients with or without antibodies other than anti-AChR anti-
bodies. Although these autoAbs do not predict outcome in our MG patient  
cohort, screening for multiple autoAbs in MG patients might be warranted to 
identify patients with additional autoimmune diseases.

Keywords: Myasthenia Gravis, Thymectomy, Auto-antibodies, Bluediver Instru-
ment, Autoimmune diseases. 
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Introduction

Myasthenia Gravis (MG) is an autoimmune disease primarily caused by antibod-
ies against the acetylcholine receptor (anti-AChR) eventually resulting in de-
struction of this receptor. MG is associated with other autoimmune diseases; 
Simpson was the first who demonstrated this phenomenon in MG patients1. 
Autoimmune associations include thyroid disease, rheumatic arthritis, insulin- 
dependent diabetes mellitus, pernicious anaemia and systemic lupus erythema-
tous2. 

Anti-AChR antibodies are found in about 85% of generalized MG patients. 
AChR-MG can be divided in three different subgroups regarding their aetiology. 
In early-onset MG (EOMG) the disease starts <50 years old with a female pre-
dominance and thymic follicular hyperplasia. In late-onset MG (LOMG) there is 
a male predominance without any thymus pathology. Finally thymoma associated 
MG (TAMG) occurs in ~10% of patients without sex preference3. 

Thymectomy is indicated in TAMG. However, the role of thymectomy in the 
treatment of non-thymomatous MG remains controversial. Currently an extended 
thymectomy is recommended as a treatment option for EOMG patients being 
positive for anti-AChR antibodies4. Several reports showed that TAMG has a 
significantly lower complete stable remission (CSR) after thymectomy compared 
with non-thymomatous MG. Though, short duration of disease and younger age 
are favourable prognostic factors5, 6. 

Because of the association of MG with other autoimmune diseases, we hypo the-
sized that MG patients with multiple autoantibodies (autoAbs) may have a lower 
chance of reaching CSR after thymectomy. The aim of this study is to screen the 
sera of MG patients prior to thymectomy to search for a correlation between 
autoantibody (autoAb) status and remission rates after thymectomy. We tested 
for a large panel of organ-specific and non-organ specific autoAbs. 

Material and methods

Patients

Samples of consecutive MG patients approved for robotic thymectomy between 
April 2004 and December 2012, described in our previous study, were ana-
lyzed7. Diagnosis of MG was based on clinical examination, single fiber electro-
myography and elevated levels of anti-AChR antibodies. Seronegative patients 
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were only eligible for thymectomy if they were suspected for a thymoma, or if 
they had refractory MG. Patients with anti-muscle specific-tyrosine kinase anti-
bodies were excluded from thymectomy. The Myasthenia Gravis Foundation of 
America (MGFA) classification was used to determine the preoperative severity 
of MG. Only 4 patients with LOMG were included in this study because we do 
not thymectomized LOMG patients unless thymoma is suspected. 
 
From 85 of the 100 patients with follow-up after thymectomy blood samples 
were available. From all the patients the serum was obtained at the time of pre-
operative visit, i.e. before the thymectomy. Since for analyses patient sera were 
obtained for diagnostic purposes and the rest-serum was used in an anonymous 
way, ethical approval and informed consent was not necessary according to the 
Dutch guidelines. All sera were stored at -30° until analysis. All patients were 
screened before thymectomy by one specialized neuro-immunologist (MDB). 

Surgical technique

All patients underwent a 3-port right-sided robotic approach, except when a 
thymoma was localized on the left side of the thoracic cavity. A comprehensive 
description of the surgical technique can be found in our previous study7.  
Thymomas were resected according to the ‘no touch’ approach recommended 
by the International Thymic Malignancy Interest Group (ITMIG) criteria. In all 
the patients an extended resection according to Masaoka et al6 with resection of 
all the ectopic thymic tissue was achieved. 

Analysis for autoantibodies

Patient’s sera were tested using immunodot kits (D-Tek, Mons, Belgium), automa-
tized on the BlueDiver Instrument (D-Tek). In the BlueDiver Instrument the strips 
were incubated with 10 μL sera and, next with AP-conjugated goat antibodies 
against human immunoglobulin G (IgG). Each strip contained two build-in reac-
tion controls. The first one, the reaction control, controls the validity of the test. 
The second is the cut-off control, important for the qualitative interpretation of 
the test. Samples were positive >10 AU and negative <10 AU. The build-in con-
trol is patented EP1040353. The 4 different immunodot kits used were: ANA25 
Quantrix, Synthetase 10 Diver, Myositis 7 Diver and Liver 10 profile Diver.  
Using the combination of these 4 kits, we tested each sample for the following 
parameters: Anti-amino-acyl-tRNA synthetase antibodies: Jo-1, PL-7, PL-12, EJ, 
OJ, KS, ZO, HA, SRP; Anti-nuclear antibodies: Nucleosome, dsDNA, Histones, 
Sm, RNP (68kD+A+C), Sm/RNP, SSA, Ro52, SSB, PM-Scl, Scl-70, Ku, RibP, 
CENP-A/B, PCNA, Mi-2, MDA-5, TIF1-gamma, HMGCR, SAE1, SAE2, NXP2; 
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Anti liver antibodies: M2 native, M2 recombinant (OGDC+BCOADC+PDC), 
SP100, GP210, LKM1, LC1, SLA, F-actin. ELISA kits were used to detect IgG 
antibodies to thyroperoxidase (TPO) and thyroglobulin (TG) in duplicate (Euro-
immun, Luebeck, Germany). All assays were performed according to the in-
structions of the manufacturer. Quantification was based on a standard curve 
and results were expressed as IU/mL. The cut-off for anti-TPO antibodies was  
50 IU/mL. For anti-TG antibodies the cut-off was 100 IU/mL. 

Remission after thymectomy

Changes in symptoms of MG were quantified according to the MGFA postinter-
vention status classification as: complete stable remission (CRS) (patients with-
out symptoms or signs of MG and receiving no therapy for at least 1 year), 
pharmacologic remission (PR) (the same criteria as for CSR except that the 
patient continues to take some form of therapy for MG), minimal manifestations 
(the patient has no symptoms of functional limitations from MG but has some 
weakness on examination of some muscles), improvement, unchanged, worse, 
exacerbation and deceased as a result of MG8. The clinical improvement rate 
was determined of all the patients who improved according to the MGFA post 
intervention status8. 

Statistics

Non-normal data are reported as median and range. Statistical analysis was per-
formed with SPSS 20.0 statistical software (SPSS Inc., Chicago, IL, USA). The 
3-year probability of remission was determined by the Kaplan-Meier analysis 
and differences between curves were tested with log-rank test. A Cox Propor-
tional Hazard-Regression analysis was performed as multi-variety analysis. The 
Chi-square test was used in categorical variables to determine differences in 
proportions and if appropriate the Fisher’s Exact Test. Statistical significance was 
considered with the probability value of P < 0.05.

Results

Patient characteristics

A total of 85 patient samples were analyzed. Patient characteristics are shown in 
table 1. The majority of patients (71.8%) were females and anti-AChR antibodies 
positive (91.8%). The median age was 34 years (range 13-82 years). In 25 patients 
(29.4%) other autoAbs then anti-AChR antibodies were detected. 
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AutoAbs and clinically manifest autoimmune diseases

Our analysis showed that EOMG patients (18/56; 32.1%), LOMG patients (3/4; 
75%) and TAMG patients (4/25; 16%) differed in the presence of autoAbs other 
than anti-AChR antibodies (P < 0.05). In none of the patients seronegative for 
anti-AChR antibodies other autoAbs were detected (n = 7). Autoantibodies to the 
so-called extractable nuclear antigens (ENA) were found most often (13 patients; 
15.3%). Three of these patients suffered from systemic lupus erythematosus 
(SLE); 1 additional patient with SLE was negative for anti-ENA antibodies.  

Table 1. Patient characteristics

Characteristics Data
Patients, No (%) 85
 Female 61 (71.8)
Age, years
 Median, years (range) 34 (13-82
Antibodies, No (%)
 Anti-AChR positive 78 (91.8)
 Seronegative 7 (8.2)
Type of MG, No (%)
 EOMG 56 (65.9)
 TAMG 25 (29.4)
 LOMG 4 (4.7)
MGFA Classification*, No (%)
 Class I 7 (8.2)
 Class IIa 15 (17.6)
 Class IIb 10 (11.8)
 Class IIIa 4 (4.7)
 Class IIIb 21 (24.7)
 Class IVa  6 (7.1)
 Class IVb  19 (22.4)
 Class V 3 (3.5)
Steroids, No (%)
 Yes 45 (52.9)
 No 40 (47.1) 
EOMG = early onset myasthenia gravis; LOMG = late onset myasthenia gravis; MGFA = Myasthenia 

Gravis Foundation of America; TAMG: = thymoma associated myasthenia gravis; * = MGFA classification 
of maximum disease severity. 
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Anti-TPO antibodies were found in 9 patients (10.6%); in one of these patients 
also anti-TG antibodies were detected. Only 3 of those patients had clinical 
symptoms of thyroiditis, while 1 thyroiditis patients had not thyroid-specific  
autoAbs. Next to anti-ENA antibodies, myositis specific antibodies were found 
in 2 patients (2.4%). Liver specific antibodies were observed in 3 patients (3.5%). 
No clinically manifest diseases were seen in these patients. The occurrence of 
other autoimmune diseases and multiple autoAbs is summarized in table 2. Four 
patients with rheumatoid arthritis were not included in this table. There was no 
preference for sexes or correlation with pre-operative MGFA status in the multi-
ple autoAbs group. 

  
AutoAbs and histological analysis

Histological analysis showed a thymic remnant in 31 patients (36.5%), follicular 
hyperplasia in 29 patients (34.1%) and a thymoma in 25 patients (29.4%). In 
16% of thymoma patients autoAbs were present whereas this was the case in 
35% of non-thymomatous patients (P = 0.08). 

Table 2. Occurrence of autoimmune disease and multiple autoantibodies (number (%))

Disease AutoAbs EOMG n=56 LOMG n=4 TAMG n=25
Thyroid Disease TPO/TG
+ + 2 (3.6) 1 (25.0) 0
+ – 0 0 1 (4.0) 
– + 4 (7.1) 1 (25.0) 1 (4.0) 
 
SARD ENA
+ + 3 (5.4) 0 0
+ – 1 (1.8) 0 0
– + 7 (12.5) 1 (25.0) 2 (8.0)
Liver disease Liver
+ + 0 0 0 
+ – 0 0 0
– + 2 (3.6) 0 1 (4.0)
Autoabs = Autoantibodies; EOMG = early onset myasthenia gravis; LOMG = late onset myasthenia 
gravis; TAMG = thymoma associated myasthenia gravis; TPO = thyroperoxidase; TG = thyroglobulin; 
SLE = systemic lupus erythematosus; ENA = extractable nuclear antigen; SARD = systemic autoimmune 
rheumatic diseases; + = positive; – = negative. 
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AutoAbs and remission after thymectomy

The median follow-up period after thymectomy was 32 months (range 12-93 
months). After thymectomy 75.3% of the patients clinically improved. The 
3-years probability of remission (CSR +PR) rate after thymectomy was 26.2%. 
No significant difference was detected in 3-years remission rate after thymecto-
my in patients with or without autoAbs other than anti-AChR antibodies (table 3). 

Discussion

This study shows that the neurological prognosis after thymectomy in patients 
with autoAbs other than anti-AChR antibodies is similar to those without multi-
ple autoAbs. Many studies focused on the role of multiple autoAbs in the etiolo-
gy of MG, as an additional biomarker to the level of anti-AChR antibody titer9, 10. 
In 1960, Simpson already hypothesized that MG could be one part of a more 
complex multi-system autoimmune syndrome11. A more recent study conjec-
tured that the broad autoreactivity detected in MG patients would only cause  
a disease when they target ‘Achilles’ heels’ like the acetylcholine receptor10. 

Table 3. Kaplan-Meier statistical analysis predicting remission after thymectomy

Factor Three-year  P-value Three-year  P-value
  CSR rate (%)  remission rate (%)
AChR-antibodies
 Positive (= 78) 13.5 0.62 25.7 0.72
 Negative (n = 7) 14.3  28.6

Additional autoAbs
 Yes (n=25) 17.0 0.60 25.3 0.75
 No (n=60) 12.0  26.2
TPO/TG
 Yes (n=9) 11.1 0.80 28.2 0.43
 No (n=76) 14.2  11.1
ENA
 Yes (n=13) 24.8 0.23 31.6 0.51
 No (n=72) 11.6  27.6 
Autoabs = Autoantibodies; CSR = complete stable remission; AChR = acetylcholine receptor; TPO = 
thyroperoxidase; TG = thyroglobulin; ENA = extractable nuclear antigen
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AutoAbs other than anti-AChR antibodies were mostly focused on a range of 
muscle, cytokine and endocrine targets12. Detection of multiple autoAbs is not 
necessarily associated with the presence of a second autoimmune disease12.  
In our series, multiple autoAbs were found in 29.4% (n = 25) of the patients of 
whom 14.1% (n = 12) had a second autoimmune disease. This higher frequency 
in additional autoimmune diseases is expected in MG patients13. Most frequent-
ly autoimmune thyroid disease is observed, but also other conditions like sys-
temic lupus erythematous (SLE) and RA occur more frequently14. 

The detection of antibodies other than anti-AChR antibodies in MG patients 
appeared not to be a predictive factor for the response after thymectomy. This is 
in line with previous studies that examined the possible effect of a second auto-
immune disorder on the course of MG after thymectomy15, 16. However, detec-
tion of additional autoAbs might be useful for the prediction of a second auto-
immune disease. As demonstrated by Arbuckle et al. autoAbs were present in 
88% of the patients before the onset of SLE while patients were still asymptom-
atic17. In autoimmune diseases the genetic predisposition should also be taken 
in account. MG patients often have genetic associations with different genes like 
human leukocyte antigen ancestral haplotype (HLA A1-B8)18, 19. Knowledge  
of the HLA genotype next to autoAbs status improves the predictive ability for 
additional autoimmune diseases. 

In relation to histology the association of thymomas and autoimmune diseases is 
well studied. In thymoma patients MG occurs most often (25-40%), but a second 
autoimmune disease (e.g. polymyositis, SLE and thyroid diseases) may be found 
as well20. In our cohort thymoma patients seemed to have less frequently other 
autoAbs than non-thymomatous patients (p = 0.08). Klein et al., however, 
screened a wider variety of autoAbs and did not observe any difference in the 
occurrence of multiple autoAbs in thymoma or non-thymomatous patients12.

The limitations of our study are the retrospective design with a limited number 
of patients included. Therefore, extensive subgroup analyses were not feasible. 
Although our data do not support our hypothesis that the presence of autoAbs 
other than anti-AChR antibodies predict a more severe clinical course in MG 
patients that underwent thymectomy, the mere detection of such autoAbs in MG 
patients may be relevant in terms of being a risk factor for the development of 
additional autoimmune diseases.
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Abstract

Introduction: Although the molecular genetics possibly underlying the patho-
genesis of human thymoma have been extensively studied, its etiology remains 
poorly understood. Since murine polyomavirus consistently induces thymomas 
in mice, we assessed the presence of the novel human polyomavirus 7 (HPyV7) 
in human thymic epithelial tumors.
Methods: HPyV7-DNA Fluorescence in situ hybridization (FISH), DNA-PCR and 
immuno-histochemistry (IHC) were performed in 37 thymomas. Of these, 26 were 
previously diagnosed with myasthenia gravis (MG). In addition, 20 thymic hyper-
plasias and 20 fetal thymic tissues were tested.
Results: HPyV7-FISH revealed specific nuclear hybridization signals within the 
neoplastic epithelial cells of 23 thymomas (62.2%). With some exceptions, the 
HPyV7-FISH data correlated with the HPyV7-DNA PCR. By IHC large T antigen 
(LTAg) expression of HPyV7 was detected, and double staining confirmed its 
expression in the neoplastic epithelial cells. Eighteen of the 26 MG-positive 
and 7 of the 11 MG-negative thymomas were HPyV7-positive. 40% of the  
20 hyperplastic thymi were HPyV7-positive by PCR as confirmed by FISH and 
IHC in the follicular lymphocytes. All 20 fetal thymi tested HPyV7-negative.
Conclusions: The presence of HPyV7-DNA and LTAg expression in the majority 
of thymomas possibly link HPyV7 to human thymomagenesis. Further investi-
gations are needed to elucidate the possible associations of HPyV7 and MG.

Keypoints: Detection of HPyV7 DNA in the neoplastic cells of the majority of 
thymomas. HPyV7 is potentially involved in human thymomagenesis.
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Introduction

The autoimmune disease Myasthenia Gravis (MG) has been associated with 
thymomas and follicular hyperplasia. Moreover the role of viral infections 
have been implicated in this disease. There have been several studies on the 
molecular genetics possibly underlying the pathogenesis of thymomas, i.e.  
epithelial thymic neoplasias admixed with a variable non neoplastic lymphoid 
component1,2. However, the etiology of human thymoma remains poorly under-
stood. Over the last two decades the possible involvement of the oncogenic 
γ-herpesvirus Epstein-Barr (EBV) has proved debatable3-7.

Next to EBV, polyomaviral infection has been implicated in the etiology of 
thymomas, based on the consistent finding that the polyomavirus strain PTA 
induces thymomas in mouse strains C3H/BiDa and AKR8,9. Polyomaviruses  
are small circular double-stranded DNA viruses which have been extensively 
used to study cell transformation in vitro and tumorigenesis in animal models. 
In recent years, a number of new human polyomaviruses have been identified, 
giving a current total of 1210-12. Yet, only the Merkel cell polyomavirus  
(MCPyV), discovered in 2008, has been identified as a new human tumor  
virus13. MCPyV has been shown to be present in ~80% of Merkel cell car-
cinomas, which are highly malignant neuroendocrine carcinomas of the 
skin14,15. In these, MCPyV is clonally integrated in the tumor genome, and  
tumor-specific oncogenic mutations within the viral genome have been identi-
fied13,16. Recently, polyomaviruses 6 and 7 (HPyV6 and 7) have been isolated 
from skin samples and characterized, but have yet not been associated with 
any human disease17. However, seroprevalence of HPyV 6 and 7 indicate that 
infection is common in humans, i.e. 69% and 35%17. A recent study has shown 
that the seroprevalence of HPyV7 reveals a regularly age related increase, with 
less than 10% in the age group below 4 years and approx 45% in the age 
group 10-14 years, reaching approximately 64% in adults18. Based on an ini-
tial DNA PCR screening testing for the presence of novel polyomaviruses in 
diverse human cancers, we assessed the possible role of HPyV7 in human 
thymic epithelial tumors and other thymic tissues.

Material and methods

Patients and tissues

Formalin-fixed and paraffin-embedded (FFPE) resection specimens were includ-
ed in this study. All thymomas and 2 thymic carcinomas (19 female and 18 male; 
mean age 58.3 years; range 34-82 years), and 20 fetal gestational thymic  

Hoofdstuk 07.indd   107 11-05-15   15:59



Chapter 7

108

tissues from fetus autopsies had been obtained for diagnostic and therapeutic 
reasons. So had 20 thymi with follicular hyperplasia, 19 of them from patients 
with MG (15 females, 5 males, mean age 27.4 years), of which 17 with anti- 
acetylcholine receptor (AChR) antibodies and 4 receiving immunosuppressive 
therapy (steroids). Twenty-six thymomas patients were known with a history of 
myasthenia gravis (MG), of which 23 were anti-AChR antibodies positive and 
3 negative. Thirteen of the 26 MG-positive thymoma patients received immuno-
suppressive (steroids) therapy. Clinico-pathological data of thymoma and hyper-
plastic thymi patients are summarized in table 1 and 2. All specimens were ob-
tained from the Maastricht Pathology Tissue Collection (MPTC). All use of tissue 
and patient data was in agreement with the Dutch Code of Conduct for Obser-
vational Research with Personal Data (2004) and Tissue (2001, www.fmwv.nl).

HPyV7 detection by DNA PCR

Genomic DNA was isolated from whole FFPE tissue sections using a DNA 
Isolation Kit (Qiagen, Hilden, Germany). DNA quality and integrity was first 
assessed by specimen control size (SCS) ladder (table 1 and 2) as described19; 
we excluded any sample where it was inadequate. HPyV7 DNA PCR was per-
formed as described previously, using oligonucleotides targeting the small  
T antigen (181bp) and the large T antigen (112 bp)17,20.
 
Detection of HPyV7 by fluorescence in situ hybridization (FISH)

The HPyV7 full-length probe was obtained from Addgene, Cambridge, MA, 
USA, and linearized. FISH was performed on 3 µm thick FFPE sections accord-
ing to Hopman et al. with modifications21. In brief: deparaffinized sections 
were incubated with 0.2M HCl, for 20 min (and washed in dH2O and 2x SSC), 
and then with 1 M NaSCN for 30 min at 80˚C. After further washing, sections 
were digested with1 mg/ml pepsin (2500-3500 U/mg; Sigma Chemical, St. Louis, 
MO), pH 2. To test HPyV7-probe specificity, sections were first treated with  
0.2 g/100 ml pepsin (Sigma) in 0.01 M HCl at 37˚C for 10 min and then with 
DNase I (Qiagen) for 30 min at 37˚C with 5.7 U in RDD buffer (Qiagen),  
before cooling on ice, washing twice in 2x SSC and post-fixing in 4% formalde-
hyde. After washing in 2x SSC and rinsing in dH2O, the sections were de-
hydrated in an ascending ethanol series. The biotin-labeled HPyV7 probe was 
added under the coverslip at a concentration of 10ng/µl in LCI/WCP buffer 
(Vysis, Abott, IL) together with 50x excess human COT-1 DNA (Vysis) and 50x 
tRNA from S. cerevisiae (Sigma Chemical, St. Louis, MO). Denaturation of the 
probe and the target DNA was carried out simultaneously for 5 min at 80˚C 
prior to hybridization overnight at 37˚C in a humid chamber (Thermobrite, 
Abbott, IL). Unhybridized probe was stringently washed away from the prepa-
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rations in 2x SSC, pH 7.0 at 70˚C for 2 min. The biotin (Bio) labelled probe was 
detected with sequential incubations with fluorescein isothiocyanate (FITC)- 
conjugated avidin (1:500; Vector, Brunswig Chemie, Amsterdam, The Nether-
lands), biotin-conjugated goat anti-avidin (1:100; Vector) and FITC-conjugated 
avidin 1:500, all for 30 min at 37˚C and diluted in Boehringer Blocking reagent 
(Roche). Finally, the slides were dehydrated in an ascending ethanol series and 
mounted in 0.2µg/ml DAPI-Vectashield (Vector Laboratories, CA). HPyV7 FISH 
signals were detected using a DM 5000 B fluorescence microscope (Leica,  
Wetzlar, Germany) equipped with DAPI, TR (Texas red) and FITC filters. Images 
were recorded with a Leica DC 300 Fx camera (Leica). FISH fluorescence  
intensity, signal numbers and sizes for strong and weak nuclear FISH signals 
were evaluated independently by 5 investigators (DR, MK, EJS, AH, AzH)  
according to the criteria in Hafkamp et al.22. After DNAse pretreatment (see 
above) of the slides of HPyV7 DNA positive cases, as assessed by PCR and 
sequencing, no specific nuclear HPyV7 hybridization signals were seen. In 
addition, specificity of the HPyV7 probe was assessed by the omission of the 
HPyV7 probe revealing no specific FISH hybridization signals in HPyV7 DNA 
positive skin and thymic tissues. Crosshybridization with MCPyV was excluded 
by performing HPyV7 FISH on the MCPyV-positive MKL1 cell line, which did 
not show any specific hybridization signals (figure 1)13.

Figure 1. Overlay of HPyV7 FISH (green dots) and pancytokeratine AE1/AE3 immunofluorescence 

(red membrane staining) and DAPI staining of the nuclei (blue) of thymoma 1-22 (Table 1). Specific 

detection of nuclear HPyV7 DNA by FISH (green dots) in epithelial cells of a thymoma as indicated 

by the red membrane staining.
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Table 1. Summary of clinicopathological data and results of thymomas 

Clinicopathological data HPyV7
  Lab G. Age MG Thym.  Anti-  IS/ SCS sTAg- LTAg- FISH IHC
  ID    type AChR Ster. ladder PCR PCR  2t10
          (181bp) (112bp)  
 1 1-1 F 73 + B1/B2 + + + + + + –
 2 1-2 F 75 + B1/B2 + + + + + + –
 3 1-3 F 57 + B2/B3 + – + + + + +
 4 1-4 M 40 + B2 + + + + + + –
 5 1-5 M 37 + B3 + + + + + ++ +
 6 1-7 F 79 + A – – + + + ++ (+)
 7 1-8 M 58 + A/B2 + – + + + +++ (+)
 8 1-9 M 64 – B2 NA NA + + + ++ (+)
 9 1-10 F 73 + B3 + + + – – – –
 10 1-11 F 34 + B2 + – + – – ++ –
 11 1-12 F 36 + A – + + – – – –
 12 1-13 F 54 – B2 NA NA + – + + (+)
 13 1-15 F 53 + B3 + + + – – + –
 14 1-16 F 34 + A + + + – – – –
 15 1-17 M 69 + AB + + + – + ++ –
 16 1-18 F 47 + AB + + + + + – –
 17 1-19 M 68 – AB NA NA + + + ++ +
 18 1-20 M 64 – B3 NA NA + – – – –
 19 1-21 F 38 + AB + – + – + – –
 20 1-22 M 65 + AB/B2 + – + – – – –
 21 1-23 M 37 + AB + – + + – + +
 22 1-24 M 68 + B2 + – + + + ++ +
 23 1-26 M 65 – AB NA NA + – – – –
 24 1-28 M 38 – B1 NA NA + – – – –
 25 1-30 M 37 + B2 + + + – – – –
 26 1-31 F 82 + A + + + + + + +
 27 1-32 M 47 + B2 + – + – – – –
 28 1-33 F 43 + B2 + – + – – ++ +
 29 1-34 M 59 – AB NA NA + + – ++ +
 30 1-35 M 45 + AB + – + + + ++ +
 31 1-36 F 82 – AB NA NA + – (+) ++ +
 32 1-37 M 77 + AB + – + – – +++ (+)
 33 1-38 F 80 + AB + + + – – – –
 34 1-39 F 78 – B1 NA NA + – – – –
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Immunohistochemistry and double staining

The following antibodies and dilutions were used: anti-Pancytokeratin AE1/3 
(DAKO; Glostrup, Denmark; “Ready to use Antibody”); monoclonal antibody 
2T10 against LTAg of HPyV7 was provided by C. Buck, NCI, Bethesda, USA, 
and used at 1:100 with the EnVision FLEX™ visualization Kit K8008 DAKO 
according to standard protocols. When FISH was followed by IHC, the proto-
cols were adapted slightly.

Results

HPyV7 detection in thymic epithelial tumors by DNA PCR and FISH

Screening of diverse human cancers for the presence of novel polyomaviruses 
revealed that HPyV7 was frequently present in human thymomas but not 
HPyV6 (figure 2). Twenty (54%) of the 37 thymomas tested positive for HPyV7-
DNA by PCR (table 1). All PCR products were sequenced and confirmed the 
presence of HPyV7, with only minor nucleotide differences between them. 
One of the 2 thymic carcinomas was HPyV7-DNA positive and the other nega-
tive. 

Table 1. Summary of clinicopathological data and results of thymomas

Clinicopathological data HPyV7
  Lab G. Age MG Thym.  Anti-  IS/ SCS sTAg- LTAg- FISH IHC
  ID    type AChR Ster. ladder PCR PCR  2t10
          (181bp) (112bp)  
35  1-41 M 65 – B3 NA NA + + (+) +++ +  
36  1-42 F 57 + AB + – + – – – –  
37  1-43 F 78 – AB NA NA + – – ++ (+)
          16/37 18/37 23/37 17/37
          43.2% 48.6% 62.2% 46% 
          20/37  23/37 17/37
          54%  62.2% 46%
Lab ID = laboratory identification; G. = gender; MG = myasthenia gravis; Thym. type = thymoma 
type; anti-AChR = anti-acetylcholine receptor antibodies; IS/Ster. = immunosuppression/steroids; 
SCS ladder = specimen control size ladder; sTAg = small T antigen; LTAg = large T antigen;  
HPyV7 = human polyomavirus 7; FISH = fluorescence in situ hybridization using full length HPyV7 
as probe; IHC = immunohistochemistry using 2t10 monoclonal antibody directed against LTAg  
of HPyV7; + = positive; (+) = weak positive; – = negative; NA = not applicable
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By FISH, HPyV7-specific nuclear hybridization signals were found in 23 thymo-
mas (62.2%) (figure 1; summarized in table 1). In the 15 thymomas with strong 
to very strong specific nuclear hybridization signals and 8 revealed weak posi-
tivity. In the thymomas with strong nuclear hybridization signals almost all 
neoplastic cells were HPyV7-positive. They were more heterogeneous in the  
8 with weaker signals. HPyV7-FISH and anti-pancytokeratine immunofluores-

Table 2. HPyV7 detection in human thymic hyperplasias

 Clinicopathological data HPyV7
 No G Age MG Anti- IS/ SCS sTAg- LTAg- FISH IHC
     AChR Ster ladder PCR PCR  2t10 
        (181bp) (112bp)   
 1 M 16 + + + + – – + –
 2 F 15 + + – + – – + –
 3 F 20 + + – + – + + –
 4 F 25 + + – + – + – (+)
 5 F 24 + + – + + – + (+)
 6 F 26 + + – + + – + +
 7 F 30 + + – + – – + –
 8 F 32 + + – + – – + –
 9 F 40 + + – + – – – –
 10 F 13 + + – + + – + –
 11 M 40 + + – + – + + (+)
 12 F 34 + + – + – – – –
 13 F 26 + + + + – – – (+)
 14 F 24 + + – + – – + –
 15 F 31 + + – + – – + –
 16 F 22 + – + + – – – –
 17 F 48 + + – + – – + (+)
 18 M 39 + – + + – – + –
 19 M 31 – NA NA + – + – (+)
 20 M 12 + + – + + – + +

G = gender; MG = myasthenia gravis; anti-AChR = anti-acetylcholine receptor antibodies; IS/Ster. = 
immunosuppression/steroids; NA = not applicable; SCS ladder = specimen control size ladder;  
sTAg = small T antigen; LTAg = large T antigen; HPyV7 = human polyomavirus 7; FISH = fluorescence 
in situ hybridization using full length HPyV7 as probe; IHC = immunohistochemistry using 2t10 
monoclonal antibody directed against LTAg of HPyV7; + = positive; (+) = weak positive; – = negative
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cence double labeling confirmed that the specific nuclear hybridization were 
mostly restricted to epithelial cells (figure 1); only in a few tumors was it also 
found in rare lymphocytes. HPyV7 did not correlate with any WHO thymoma 
subtype (table 1).

Large T antigen of HpyV7 is highly expressed in human thymomas

Marked LTAg expression was found by IHC in 17 (46%) of the thymomas within 
the epithelial cells (figure 3a,b), but not always in every cell in the positive 
cases, unlike FISH. Overall, LTAg labeling was in good agreement with the 
HPyV7-DNA PCR and/or the HPyV7-FISH.

Detection of HPyV7 in thymic follicular hyperplasia DNA PCR and FISH

HPyV7-DNA was detected in 40% (n = 8) of the hyperplastic thymi. By HPyV7-
FISH, the proportion of HPyV7-positive cases reached 65% (n = 13). Importantly, 
specific nuclear HPyV7-hybridization signals were mostly restricted to scat-
tered follicular B-cells, which possibly explain the different results of PCR and 
FISH. In 6 of these 20 hyperplastic thymi, IHC revealed mostly weak nuclear 
expression of the LTAg in some lymphoid cells in the follicles (figure 3c,d).
 
Association of HPyV7 and myasthenia gravis

Of the 26 patients with HPyV7-positive thymomas, 19 were known to have MG. 
Of the 11 non-MG thymomas 7 were HPyV7-positive and 4 were HPyV7-nega-
tive (table 1).
The only non-MG-hyperplastic thymus was HPyV7-positive.

Figure 2. PCR-DNA of HPyV6 (left panel) and HPyV7 (right panel) in human epithelial thymic 

tumors (3,1,4,2,5) and non-neoplastic mediastinal fatty tissue (X) using a plasmid containing 

human polyomavirus 6 (123 base pair) or 7 (181 base pair). No amplification products were 

found in HPyV6 PCR whereas specific PCR products were found for HPyV7. H2O = water control; 

pos = positive control; free = free space, MW = molecular weight marker.
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HPyV 7 is not detected in fetal thymus

Using HPyV7 DNA PCR, none of the fetal thymi, which were also tested for 
sufficient DNA quality and integrity – tested positive for HPyV7.

Figure 3. 

A. Specific nuclear expression of the HPyV7 LTAg (dark brown) in thymoma 1-3 (Table 1) as  

assessed by immunohistochemistry. Epithelial cells are positive whereas the lymphoid cells do 

not show HPyV7-LTAg expression.

B. Immunohistochemical double staining technique confirms the expression of the HPyV7-LTAg 

in the nuclei (dark brown) of thymic epithelial cells as identified by the red membrane staining 

with the pancytokeratine antibody AE1/AE3 in thymoma 1-3 (Table 1).

C. Representative result of the HPyV7 FISH in a follicular center of a hyperplastic thymus. The green 

nuclear dots represent the HPyV7 signals obtained by the hybridization with HPyV7 probe.

D. Specific nuclear expression of the HPyV7 LTAg (dark brown) in a hyperplastic thymus Expression 

of HPyV7 LTAg is mostly restricted to follicular lymphocytes.
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Discussion

With sophisticated new detection techniques, the number of novel human 
polyomaviruses has increased in the past 6 years23. However, of the 12 known 
human polyomaviruses, currently, only the Merkel cell polyomavirus (MCPyV) 
has been shown to be associated with a human cancer, i.e. the Merkel cell 
carcinoma (MCC). Viral integration, tumor-specific viral mutations within the 
LTAg of MCPyV, and consistent epidemiology of MCPyV with MCC have led to 
the classification of MCPyV as a class 2A carcinogen by the International 
Agency for Research on Cancer13-16, 24.

Here we systematically assessed the presence of HPyV7 in human thymic epithe-
lial tumors by diverse molecular techniques17. Focusing on different parts  
of the HPyV7 genome, we found HPyV7-DNA in 54% of the 37 thymomas.  
At the single cell level, use of HPyV7-FISH demonstrated specific nuclear hy-
bridization signals within the epithelial cells in 62.2% of the thymomas and 
only occasionally in lymphocytes. The discrepancies between the PCR and 
FISH results most likely reflect the varying proportions of positive cells in dif-
ferent tumors. Interestingly, however, thymomas 1-37 and 1-43 (table 1) gave 
strong hybridization signals in HPyV7 FISH plus weak IHC labeling for its LTAg 
despite negativity by HPyV7 PCR. Since we excluded technical reasons as far 
as possible, and also the presence of other known human polyomaviruses, 
these findings might hint at the presence of an as yet unidentified but closely 
related polyomavirus.

Our double labeling clearly showed that the great majority of the cells positive 
for viral DNA or protein antigens were epithelial rather than lymphoid. Thus, 
the expression of the HPyV7-LTAg in thymomas may hint at a role for HPyV7 
in thymomagenesis. Although many other polyoma viral LTAg can act as onco-
genes, no information is yet available about the oncogenic capacity of HPyV7. 
Notably, its LTAg was expressed quite strongly in some of the epithelial thymic 
tumors, especially compared to the variable numbers of HPyV7 LTAg lymphoid 
cells in thymic follicles (figure 2D).

In the hyperplastic thymi HPyV7 DNA was detected by PCR in 40% and by 
FISH in 65%. The discrepancy can readily be explained by the number of cells 
detected by HPyV7-FISH, which varied over a wide range. By using HPyV7 
FISH and an anti-HPyV7 LTAg monoclonal antibody, HPyV7-positivity was found 
to be largely restricted to follicular lymphoid rather than epithelial cells. That is 
in line with the known B lymphotropism of some human polyomaviruses12,25,26. 
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This finding is interesting, because if HPyV7 remains latently present in follicular 
B-cells it could mean that it might be interesting to test also B-cell non Hodgkin 
lymphomas for the presence of HPyV7. In addition, it may contribute to immuno-
logical alterations which might initiate or perpetuate immunological diseases 
such as MG as has recently been speculated for the oncogenic γ-herpesvirus 
Epstein-Barr (EBV)27. However, data on the finding of EBV in myasthenia gravis 
thymus are quite controversial, ranging between very high prevalence to al-
most not present28,29. Although surprising that a highly reproducible standard 
routine testing for the presence of EBV (e.g. EBV-encoded RNAs-RNA in situ 
hybridization) in a histopathological lymphoma diagnostic setting fails the  
extent of reproducibility in the setting of MG thymus, it seems that further 
conclusive studies are needed in order to assess the role of EBV in MG thymi. 
The interesting recent finding of poliovirus in a subset of MG thymi needs to 
be independently confirmed30.

The fact that we did not find any HPyV7-positivity in gestational fetal thymic 
tissues reveals that HPyV7 infection occurs in the postnatal period and also 
indirectly leans support to a possible role for HPyV7 in human thymomagen-
esis in the context of the quite frequent finding within the epithelial cells of 
human thymic epithelial tumors.

In conclusion, the present study is the first to demonstrate the presence and 
association of HPyV7 in thymic epithelial tumors by diverse molecular tech-
niques. Our failure to detect any signs of HPyV7 in fetal thymic tissues sug-
gests that HPyV7 reaches the thymus post-natal or later in life, which is in 
good agreement with the recent study on HPyV7 age related seroprevalence18. 
Its contrasting 40-60% prevalence in thymomas also hints at a possible role for 
HPyV7 in their initiation, but requires independent confirmation in larger series. 
Further studies would also be needed to assess the oncogenic potential of 
HPyV7, e.g. viral integration, mutational analyses of the LTAg and in vitro 
transformation. Although HPyV7 is present in the majority of MG-associated 
thymomas the numbers of cases investigated in this study do not allow a con-
clusion on a possible role of HPyV7 in MG.
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Abstract

Background: We have recently reported the presence of the Human polyoma-
virus 7 (HPyV7) in human thymic epithelial tumors as assessed by diverse mole-
cular techniques. Here we report on the co-expression of p16, retinoblastoma 
protein (pRb) and phosphoralized retinoblastoma protein (phospho-Rb) in human 
thymic epithelial tumors in relation to HPyV7. 
Methods: PRB, phospho-RB and p16 expression was assessed by immunohisto-
chemistry in 37 thymomas and 2 thymic carcinomas. 17 thymomas (46%) and  
1 thymic carcinoma (50%) were recently tested positive for HPyV7. In addition, 
20 follicular hyperplasias were tested. 
Results: Expression of pRb was observed in 35 thymomas (94.6%), in 16 thymo-
mas (43.2%) the expression was strong. Phospho-Rb was observed in 31 thymo-
mas (83.8%). 19 thymomas (51.4%) showed immunoreactivity for p16 of which 
8 thymomas revealed very strong p16 expression. No p16 expression was  
detected in thymic carcinomas. In addition, no significant correlation between 
the presence of HPyV7 and pRb-, phospho-Rb- and p16-expression could be 
established. No correlation between pRb, phospho-Rb, p16 and WHO staging, 
Masaoka-Koga staging or the presence of MG was found. All 20 follicular hyper-
plasias showed expression of pRb and less expression of phospho-Rb. 
Conclusions: Although polyomaviruses have been shown to interact with cell 
cycle proteins no correlation between the presence of HPyV7 and the expres-
sion of pRb, phospho-Rb and p16 in human thymic epithelial tumors was  
observed. In as much HPyV7 contributes to human thymomagenesis remains to 
be established. Our data indicate pRb, phospho-Rb and p16 expression.

Keywords: Thymic epithelial tumors, human polyomavirus 7, pRB, p16, viral tu-
 mori genesis.
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Background

Thymomas are rare tumors arising from thymic epithelial cells. Frequently there 
is an association with autoimmune diseases, most often (24.5-40%) with Myas-
thenia Gravis (MG)1. The aetiology of thymomas is unknown though many stud-
ies focus on the role of viruses1-3. In mouse strains C3H/BiDa and AKR the poly-
omavirus strain PTA induces thymomas4, 5. We have recently reported the 
presence of the Human Polyomavirus 7 (HPyV7) in a large number of human 
thymic epithelial tumors by fluorescence in situ hybridization (FISH), immuno-
histochemistry (IHC) and polymerase chain reaction (PCR)6. The human poly-
omavirus 7(HPyV7) was recently detected in 2010 from skin samples and prior 
to our report no other human disease had been associated with the presence of 
HPyV77. 

The human polyomavirus family is currently growing very fast8-10, however, only 
the Merkel cell polyomavirus (MCPyV) has yet been identified as a novel human 
tumor virus in Merkel cell carcinomas (MCC), which is a very aggressive skin 
cancer of elderly and immune suppressed patients11. MCPyV is found in more 
than 80% of MCC’s and its DNA is clonally integrated in the tumor genomes11, 

12. In addition, MCPyV harbour tumor specific mutations of the large T antigen 
(LTag)13. MCPyV is supposed to induces tumorgenesis via truncated large T anti-
gen (LTag) and small T antigen (STag) possibly inhibiting the tumor suppressor 
protein retinoblastoma (pRb) and protein 53 (p53)14-16. It has been demonstrated 
that the polyomavirus simian virus (SV 40) interacts through large T antigen in 
the cell cycle by the binding of pRb and p5317. Recently it has been proposed 
that the LTag from WU polyomavirus, human polyomavirus 6, HPyV7 and  
Malawi polyomavirus might interact with p53 and pRb18, 19. Human papilloma 
virus (HPV), another potent small DNA tumorvirus is one of the most important 
viral causes of human cancer, and shares with MCPyV a homolog LxCXE motive 
in the encoded RB binding site20, 13. Although HPV could not be related to  
thymomagenesis increased transcript expression of p16 (cyclin-dependent  
kinase inhibitor 2A) was reported in human thymomas21. P16 is frequently used 
as a surrogate marker for HPV infection in HPV related cervical and oropharyn-
geal cancers22. Of interest, only very limited data are available regarding the 
possible role of pRB and p16 in human thymomas23, 24. In the present study we 
aimed to analyse the expression of pRB and p16 in human thymic epithelial 
tumors in relation to the presence of HPyV7. 
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Methods

Patients and tissue

Formalin-fixed and paraffin-embedded (FFPE) resection specimens were includ-
ed as previously described6. In total 37 thymomas and 2 thymic carcinomas  
(19 females and 18 males; mean age 58.3 years; range 34-82 years), 20 follicular 
hyperplasias (15 females, 5 males, and mean age 27.4 years) of which 19 were 
diagnosed with MG, were included in this study. Thymomas were classified  
according to the world health organization (WHO) classification in thymoma 
type A, type AB, type B1, B2, B3 or thymic carcinoma25. The Masaoka-Koga 
classification was used to define the invasiveness of a thymoma26. Clinico-patho-
logical data of thymoma and thymic carcinoma patients are summarized in  
table 1 and 2. All specimens were obtained from the Maastricht Pathology Tissue 
Collection (MPTC). All use of tissues and patient data was in agreement with the 
Dutch Code of Conduct for Observational Research with Personal Data (2004) 
and Tissue (2001, www.fmwv.nl).

Immunohistochemistry 

PRb and phosphoralized Rb (phospho-Rb) expression was detected by using two 
monoclonal Retinoblastoma antibodies: pRb (a.a. 332-344), clone G3-245, 
Pharmingen, dilution 1:300 and phospho-Rb, clone D20B12, dilution 1:100. P16 
expression was performed with a monoclonal antibody (clone JC8, dilution 1:400) 
(Santa Cruz). Secondary antibody detection and visualization were done with the 
EnVision FLEXTM Kit K8008 (DAKO) or K5005 (Dako) according to standard proto-
cols. Expression levels were assessed and scored by three experienced investiga-
tors (AzH, MAH, DR). The results of the HPyV7 LTag expression using the 2t10 
antibody have been described previously6. In the epithelial cells of 17 thymomas 
(46%) marked LTag expression was found. The expression of LTag was in good 
agreement with earlier performed HPyV7-DNA PCR and/or the HPyV7-FISH7. 

Results

Correlation between pRb and phosphoralized Rb expression in human 
thymomas and thymic carcinomas and HPyV7

35 thymomas (94.6%) showed specific expression of pRb within the neoplastic 
epihtelial thymic cells (figure 1D). Phospho-Rb was observed in 31 thymomas 
(83.8%) within the same cell compartment as pRb (figure 1C). No correlation 
between phosphoralized pRb expression and presence of HPyV7 could be estab-
lished. In addition, no correlation was observed between de expression of pRb or 
phospho-Rb and WHO staging, Masaoka-Koga staging or the presence of MG. 
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Table 1. Summary of clinico-pathological data and results of thymomas

Clinicopathological data     HPyV7 P16 ProteinRb

Lab ID G. Age  MG Thym. Masaoka- Anti- IS/ IHC  Anti- phosRb
    type Koga AChR Ster. 2t10  Rb

1-1 F 73 + B1/B2 I + + – – + +
1-2 F 75 + B1/B2 I + + – – + +
1-11 F 34 + B2 I + – – ++ + +
1-12 F 36 + A I – + – – – –
1-16 F 34 + A I + + – – + +
1-17 M 69 + AB I + + – (+) + +
1-18 F 47 + AB I + + – (+) (+) (+)
1-19 M 68 – AB I NA NA + + (+) (+)
1-21 F 38 + AB I + – – – + –
1-22 M 65 + AB/B2 I + – – ++ (+) (+)
1-28 M 38 – B1 I NA NA – (+) + +
1-31 F 82 + A I + + + – (+) –
1-32 M 47 + B2 I + – – (+) + +
1-34 M 59 – AB I NA NA + + + +
1-36 F 82 – AB I NA NA + + (+) (+)
1-39 F 78 – B1 I NA NA – + + +
1-43 F 78 – AB I NA NA (+) – + +
1-23 M 37 + AB IIA + – + (+) + +
1-24 M 68 + B2 IIA + – + (+) + +
1-33 F 43 + B2 IIA + – + – (+) +
1-35 M 45 + AB IIA + – + – + (+)
1-37 M 77 + AB IIA + – (+) (+) + +
1-38 F 80 + AB IIA + + – – – +
1-3 F 57 + B2/B3 IIB + – + – (+) (+)
1-5 M 37 + B3 IIB + + + – (+) (+)
1-7 F 79 + A IIB – – (+) – (+) (+)
1-8 M 58 + A/B2 IIB + – (+) (+) (+) –
1-9 M 64 – B2 IIB NA NA (+) – + (+)
1-15 F 53 + B3 IIB + + – ++ + +
1-26 M 65 – AB IIB NA NA – + + –
1-42 F 57 + AB IIB + – – + + +
1-10 F 73 + B3 III + + – – + +
1-13 F 54 – B2 III NA NA (+) + + +
1-20 M 64 – B3 III NA NA – – + –
1-41 M 65 – B3 III NA NA + (+) + +
1-4 M 40 + B2 IVA + + (+) – + (+)
1-30 M 37 + B2 IVA + + – – + +
        17/37 19/37 35/37 31/37
        46% 51.4% 94.6% 83.8%
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Correlation between HPyV7 and p16 expression in human thymomas and 
thymic carcinomas

Nuclear and cytoplasmic p16 expression27 was detected in 19 thymomas (51.4%) 
mainly within the neoplastic epithelial cells but also in dendritic cells as had 
been desribed28. Both thymic carcinomas did not reveal any p16 expression. No 
correlation between the immunoreactivity of p16 and WHO staging, Masaoka- 
Koga staging or the presence of MG was established. Of the 17 patients positive for 
large LTag, 9 patients (52.9%) showed expression of p16. However p16 was also 
detected in 10 patients (50%) negative for LTag (table 3). Three patients (8.1%) 
showed very strong expression of p16 (++) (figure 1B). No differences regarding 
p16 expression levels were observed between LTag positive and negative thymo-
mas. Therefore, the presence of HPyV7 was not associated with p16 expression. 

Table 1. Summary of clinico-pathological data and results of thymomas

Lab ID = laboratory identification; G.= gender; MG = myasthenia gravis; Thym. type = thymoma type; 
anti-AChR = anti-acetylcholine receptor antibodies; IS/Ster = immunosuppression/steroids; HPyV7 = 
human polyomavirus 7; IHC = immunohistochemistry using 2t10 monoclonal antibody directed against 
LTag of HPyV7; – = negative; (+) = weak positive; + = positive; ++ = strong positive expression;  
+++ = very strong positive expression; NA = not applicable;
P16 expression – = < 1%; (+) = 1%; + = 1-25%; ++ = > 25%

Table 2. Summary of clinico-pathological data and results of thymic carcinomas

Clinicopathological data     HPyV7 P16 ProteinRb
Lab ID G. Age  MG Thym. Masaoka- Anti- IS/ IHC  Anti- phosRb
    type Koga AChR Ster. 2t10  Rb
1-6 M 60 – C III N/A N/A (+) – + +
1-26 F 67 – C IVB N/A N/A – – + +
C = thymic carcinoma; G.= gender; MG = myasthenia gravis; anti-AChR = anti-acetylcholine receptor 
antibodies; IS/Ster.= immunosuppression/steroids; NA = not applicable; HPyV7 = human polyomavirus 7; 
IHC = immunohistochemistry using 2t10 monoclonal antibody directed against LTag of HPyV7;  
– = negative; (+) = weak positive; + = positive; ++ = strong positive expression
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Figure 1. 20X magnification images of thymoma 1-15 (table 1.)

1A Hematoxylin and eosin (H.E.); 1B Immunohistochemical staining confirms strong (++) nuclear 

and cytoplasmatic expression of p16; 1C Expression of phospho-Rb restricted to the nucleus of the 

thymic epithelial cells; 1D Expression of pRb also restricted to the nucleus of the thymic epithelial 

cells. 

Table 3. Absence of a correlation between P16 and HPyV7 in early and late stage thymoma and 

thymic carcinoma

 HPyV7 IHC 2t10
 Masaoka- Koga I or II Masaoka-Koga III or IV
 – + – +
P16 
– 6 8 5 1
+ 10 7 0 2
Double positive  15/31  2/8
  48.4%  25.0%
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Follicular hyperplasia

PRb was detected in all 20 follicular hyperplasias in the lymphocytes. Phospho-Rb 
was also expressed in the lymphocytes in all follicular hyperplasias however, 
with a much lower intensity. 

Discussion

The presence of HPyv7 and the expression of the viral LTag was detected in the 
epithelial cells of human thymic epithelial tumors by PCR, FISH and IHC6.  
Yet, no information concerning the oncogenic capacity of HPyV7 is available. 
Of the 12 known human polyomaviruses only MCPyV has proven oncogenic 
capacity11. Expression of p16 has been detected in human thymic epithelial  
tumors on the transcriptional and translational level21, 23, 24. Since expression of 
p16 has been proposed as a potential surrogate marker for the presence and 
involvement of tumor viruses e.g. HPV, we investigated in as much p16 expres-
sion in human thymic epithelial tumors correlate with the presence of HPyV7 or 
expression of its LTag. However, we detected no correlation between the expres-
sion of LTag and p16 in human thymic epithelial tumors. Next, we investigated 
the co-expression of pRb/phospho-Rb and LTag because pRb is a major G1 
checkpoint, which blocks S-phase entry and cell growth. However, no correla-
tion between the immunoreactivty of pRB and/or phospho-Rb and LTag was 
observed.

Interestingly, we did not detect a specific pattern of p16 or pRB expression in 
relation to the invasiveness of thymomas. In our study 17/31 (54.8%) of Masaoka- 
Koga Stage I or II and 2/8 (25%) of Masaoka-Koga stage III or IV thymic epithelial 
tumors were double positive for P16 and pRb. This is in contrast with Hiraba-
yashi et al. who reported that inactivation of p16 or RB could play a role in the 
progression of thymomas23. These differences are most likely a result of a distinct 
classification of non-invasive and invasive thymomas e.g. Masaoka stage II was 
counted as non-invasive in our study because of the little difference in overall 
survival between stage I and II29. More recently, Omatsu et al. showed that in-
creasing malignancy is molecularly paralleled by a stepwise increase of p16 
expression24. However, the difference within expression of p16 was only shown 
between thymic carcinomas and thymomas, without differences in expression 
level within thymomas. In our series only two thymic carcinomas were included 
and they were both negative for p16 expression. Interestingly, there were 3 patients 
(8.1%) with strong immunoreactivity of p16 (++), none of these patients showed 
expression of LTag of HPyV7. As HPV infection has been ruled out as a possible 
cause for this p16 overexpression21 these findings might suggest a role in virology. 
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Diverse human viruses including Poliovirus and oncogenic γ-herpesvirus Epstein 
Barr Virus have been detected in human thymic epithelial tumors1, 2 on the 
search for the role of viruses in the pathogenesis of MG. Yet, these results need 
to be confirmed in a larger number of thymic epithelial tumors 

Conclusion

In conclusion, in this study we found no correlation between the presence of 
HPyV7 and pRb, phospho-Rb and p16 in human thymic epithelial tumors.
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The main aim of this thesis was to investigate the role of thymectomy in diseases 
of the thymus. All conditions associated with the thymus are rare. Myasthenia 
gravis (MG), where the thymus is considered to play a role in the pathogenesis, 
is infrequently seen with a prevalence of 20/100.0001, 2. Thymomas with an inci
dence of 0.13 per 100,000 personyears are even more of an orphan disease3. 
Maastricht University Medical Center (MUMC) is a referral center for both the 
surgical treatment of mediastinal tumors and diagnosis and treatment of MG. 
There remain controversies about the best surgical approach of thymomas, patient 
selection for thymectomy in MG and thymomagenesis. With the availability of a 
relatively large quantity of pathological specimens and data of patients with 
these rare diseases, we sought an answer on these controversies. 

Robotic-assisted approach for thymectomy

There are two indications to remove the thymus. First, in patients with a medias
tinal mass arising from the thymic gland4 and second, in patients with antibodies 
against acetylcholine receptor (AChR+) generalized MG under the age of 605. 
Ectopic thymic tissue can be found in various locations through the anterior 
mediastinum complicating a radical thymectomy in MG and thymomas6. There
fore many surgeons believe that a median sternotomy7 is the essential golden 
standard and for a complete thymectomy8, 9. In the first randomized controlled 
thymectomy trial for nonthymomatous MG patients, a sternotomy was the only 
surgical approach accepted10. However, a sternotomy is a mutilating invasive 
procedure with a long postoperative recovery. In order to achieve complete  
resection, in combination with a faster recovery and minimum mutilating effect, 
VideoAssisted Thoracoscopic Surgery (VATS) was introduced11, 12. This approach 
uses a 2dimensional camera and long inflexible instruments with limited free
dom of movement with a fulcrum and increased natural hand tremor. The need 
for complete resection has led many surgeons to expand this minimally invasive 
procedure by using of a cervical incision to dissect the superior horns of the thy
mus13 and/or bilateral approaches to identify the contralateral phrenic nerve14, 15. 
With the experience of robotic technology in laparoscopic surgery this approach 
has been implemented in thoracic surgery trying to overcome the pitfalls and 
handicaps of thoracoscopic procedures. The advantages and disadvantages of 
the surgical techniques are described in table 1.

The da Vinci Surgical System was FDA approved in 2000 for general laparoscopic 
surgery and one year later for thoracic surgery. It consists of a 3dimensional 
camera with 1015 times magnification. The image can be displayed above the 
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surgeon’s hand resulting in good handeye coordination and defeating the ful
crum effect. The manoeuvrability of the instruments is superior with 7 degrees of 
freedom, the ability to rotate 360 degrees and with elimination of physiological 
tremors16. 

In chapter 2 the application of robotic surgery in the thoracic field is described. 
In the MUMC the da VinciTM Robotic System (Intuitive Surgical, Sunnyvale, CA, 
USA) was introduced in 2003. The first robotic thymectomy in MUMC was  
performed in 2004. In the past 10 years 228 robotic thymectomies have been 
performed. Figure 1 shows a continuous increase of robotic thymectomies per
formed every year. 

We analyzed the first 37 consecutive patients who underwent robotic thymectomy 
in MUMC for a thymoma in chapter 317. Robotic thymectomy was feasible in 
patients with early and more advanced staged thymomas. Conversions to a ster
notomy or thoracotomy were only done when the surgeon suspected invasion in 
a blood vessel. After a median followup of 36 months a recurrence occurred in 
only one patient (2.7%). These oncological results are promising1719. However, 
thymomas can recur even after 10 years, so a more definitive answer can be 
provided only after at least 10 years followup.

Robotic surgical systems have high, fixed prices. Therefore, in the MUMC differ
ent departments share the robotic system to suppress these high fixed costs.  
The department of general surgery uses the system for robotic cholecystectomy, 
robotic Nissen fundoplication and robotic rectopexy2023. The general surgeons 

Table 1. Characteristics of the different surgical techniques used to perform a thymectomy. 

 Sternotomy VATS RATS
Minimal invasive – ++ ++
Vision + +/– ++
Medical costs +/– ++ –
R0 resection early stage thymoma ++ ++ ++
R0 resection advanced stage thymoma ++ N/A ++
10-years follow-up ++ – –
CSR of MG after thymectomy ++ + ++
CSR = complete stable remission; MG = myasthenia gravis; N/A = not applicable; RATS = robotic-assisted 
thoracoscopic surgery; R0 = complete surgical resection; VATS = video-assisted thoracoscopic surgery
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analyzed their early experiences and concluded that roboticassisted surgery 
was safe and feasible but more expensive with longer operation duration com
pared to laparoscopic surgery24. Urologists implicated roboticassisted surgery 
in prostatectomies. Roboticassisted surgery is globally mostly applied in prosta
tectomies for localized prostate cancer25. 

Pro and con debates regarding roboticassisted surgery in evidencebased medicine 
and media are regular topics2629. One of the concerns are the additional medical 
costs; a roboticassisted procedure accounts for an extra $1,600 on average30. 
Other concerns are the lack of randomized controlled trials comparing conven
tional laparoscopic surgery with robotic assisted surgery30, prolonged duration 
of operation time31 and safety of robotic procedures32. Roboticassisted surgery 
will probably not replace most laparoscopic procedures but it is beneficial in 
some specific indications where the human anatomy creates a small surgical 
space like prostatectomies and thymectomies. 

Figure 1. The number of robotic thymectomies performed per year in MUMC. 
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In case of thymectomy the aforementioned con arguments can be refuted. A robotic 
assisted approach is in our opinion the best choice to perform a thymectomy. 
First, the alternative is in our opinion not VATS but the golden standard a median 
sternotomy. VATS is implicated in the thymectomy field however, as mentioned 
before; bilateral and cervical incisions have often been used to achieve complete 
resection. Propensity score matching has shown that roboticassisted surgery is 
superior to conventional sternotomy with shorter hospital stay, low morbidity 
and mortality, low recurrence rates and fewer complications19. 

Second, no cost analyses have been performed comparing robotic surgery with 
a conventional median sternotomy. Although Barbash et al. reported in the New 
England Journal of Medicine that the additional costs of a robotic procedure are 
on average $1,600, we expect that this amount is counterbalanced by a signif
icant reduction in postoperative recovery compared with sternotomy (2 weeks 
vs. 6 weeks respectively)30. In the case of thymic surgery, considering the low 
prevalence of thymic disease, just one robotic system would be sufficient to 
cover all procedures in the Netherlands. As far as we know, the MUMC is the 
only center in the Netherlands with a robotic thymectomy program. Centraliza
tion results in lower costs but also in high volumes as can be seen in figure 1 
which is especially important in the treatment of rare diseases29. Third, in our 
experience robotic thymectomy is a safe procedure. We did not encounter any 
problems with prolonged anesthesiology and only in case of suspicion of inva
sion of a blood vessel, a conversion occurred, not for major bleedings17. Fourth, 
no randomized controlled trials have been carried out to compare roboticassisted 
surgery with sternotomy. However, the lack of randomized controlled trials has 
not restrained several other techniques in surgery from becoming daily practice. 
For example, VATS lobectomy has never been shown to be superior over thora
cotomy, though VATS is routinely used33. 

We believe that robotic surgery is still in its infancy. All the information used 
during robotic surgery is converted in to digital 0 and 1. By digitalization it can 
provide navigation and imaging integration to provide a ‘GPS’ of the human 
body, resulting in more accurate surgery. In the robotic console stereoscopic  
3D projections previously acquired by computed tomography scans can be dis
played3436. In robotic thymectomy augmented reality is used to identify the con
tralateral phrenic nerve by near infrared fluorescence imaging during robotic 
thymectomy facilitating complete resection of all the thymic tissue37. 
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The role of thymectomy in the treatment of myasthenia gravis

The clinical and scientific aspects of acetylcholine receptor positive MG (AChR+ 
MG) are reviewed in chapter 4. Treatment of MG targets the function of the 
neuromuscular junction. In mild MG this can be accomplished by the use of 
cholinesterase inhibitors. However, in more severe cases immunosuppressive 
drugs are indicated to maintain a functional neuromuscular junction5. Azathio
prine in combination with prednisone is found to be most efficient38. The exact 
pathogenesis of MG remains unclear though the thymus plays an important role 
in this complex process39. The role of thymectomy in the treatment of MG remains 
disputed, and at this time time it is recommended in AChR+ MG patients under 
the age of 60.

In chapter 5 we report the neurological and surgical followup of 125 MG patients 
who underwent robotic thymectomy according to the MGFA post intervention 
classification40. The surgical feasibility was again confirmed in MG patients. Also 
the neurological results were promising; 77.0% of the patients showed neuro
logical improvement after thymectomy and 28.2% reached remission. Despite a 
general agreement on the beneficial role of thymectomy in the treatment of MG, 
no randomized controlled trials have proven that thymectomy is superior to 
medical treatment. A randomized controlled trial comparing thymectomy and 
prednisolone treatment with prednisolone treatment alone will address this 
question (MGTX trial)41, 42. However, the results from this study will not give a 
definite answer. Since patients in both groups will receive high dosage of pred
nisolone for a long period. If patients reach remission it will be difficult to address 
this merely to the thymectomy. 

Looking more carefully at the available literature, not only the low evidence of 
the reported series, but also the different surgical techniques, selected candidates, 
timing of surgery, extent of dissection, immunosuppressive therapy and neuro
logical classification systems make it difficult to come to a consensus. Marulli et 
al. outlined the three most important key points in this plethora of literature43. 
First the surgical riskbenefit balance as mentioned earlier in this discussion. 
Despite the short followup of robotic series, we believe that this approach is the 
optimal surgical intervention to remove the thymus in MG patients. Our remis
sion rates are comparable with conventional surgery40, indicating a complete 
resection of the thymus with all ectopic tissue through a minimally invasive ap
proach, with low morbidity. 
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Secondly, the probability of clinical benefits; many different neurological classi
fication systems have been used to determine improvement after thymectomy.  
In order to come a more uniform response classification the MGFA revised the 
recommendations in 2000, but only a few studies adopted these recommenda
tions44. The criteria are stricter compared to previous classification systems used. 
For example, patients are classified as complete stable remission (CSR) when 
they have been without symptoms or signs of MG and receiving no therapy for 
at least 1 year. Patients on pyridostigmine are excluded from the pharmacologi
cal remission group. We believe these patients should not be excluded since 
pyridostigmine does not influence the natural course of the disease and patients 
are evaluated at least 3 hours after taking the last dose. We instruct patients that 
are in remission only to take pyridostigmine before physical exercise. Physicians 
adopting these recommendations showed that CSR ranged between 28 and 
42.8% for conventional surgery and 27 to 42% for robotic series45. These differ
ences in remission rates are due to variable duration in followup, different treat
ment protocols among neurologists and heterogeneity between patients (gener
alized MG with ocular MG, thymomatous and nonthymomatous MG, AChR+ 
and seronegative and duration of MG symptoms). 

Third, the shifts in medical treatment are often poor or even not reported. Inter
ruption or a decrease in immunosuppressive drugs is positive for the patient46. 
Patients are saved from the side effects of prolonged immunosuppressive drugs 
and medical costs will be reduced.

But still the question remains, which patients will benefit most from a thymectomy? 
In chapter 6 we tested our hypothesis that patients with multiple autoantibodies 
(autoAbs) would have a worse neurologic prognosis after thymectomy. In MG 
patients a higher frequency in additional autoimmune diseases is expected47. 
We thought that this deregulation of the immune system would influence the 
outcome. However, our analysis showed no difference in neurological outcome 
after thymectomy between the two groups. The search for predictive factors will 
continue as part of the MGTX trial in the biomarkers study (BioMG). Three dif
ferent parameters will be tested. 1) genes (called single nucleotide polymor
phisms (SNPs)), 2) gene expression (the message genes produce), and 3) circulating 
protein markers41. In search of a biomarker to predict remission after treatment 
the blood of all patients will be tested for proteins. The impact of a factor that 
predicts responses to treatment would be notable and a better patient selection 
for thymectomy might thus be possible48. 
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Thymic epithelial tumors

The etiology of thymic epithelial tumors remains unknown; because of the asso
ciation with autoimmune diseases a role for viral infections has been implicated. 
Coxsackivirus infections have been studied as an environmental trigger for auto
immune type 1 diabetes mellitus49. Next, viral infections can also occur in  
tumorgenesis as is the case in human papilloma virus (HPV) and cervix carcinoma; 
where HPV is integrated in the cellular chromatin. Another wellstudied viral 
family are the human polyomaviruses. Recently, many new human polyoma
viruses have been identified, leading to a total of 12 viruses5052. Human poly
omavirus 6 and 7 (HPyV6 and HPyV7) were discovered in 2010 on the normal 
skin53. In chapter 7 we explore HPyV7 in thymic epithelial tumors by different 
molecular techniques. Of the 12 known human polyomaviruses only the Merkel 
cell polyomavirus has yet been identified as a human tumor virus (class 2A car
cinogenic)54. In about 80% of Merkel cell carcinomas MCPyV (neuroendocrine 
tumor of the skin) was identified55, 56. MCPyV may induce tumor genesis by its 
large T antigen (LTag) and small T antigen (STag). Inhibition of protein retinoblas
toma (figure 2) by LTag may result in uncontrolled cell growth5759. 

As we have seen in chapter 8 there was no correlation between the expressions 
LTag and p16 or pRb in human thymic epithelial tumors. Of interest is that in  
3 patients (8.1%) the expression of p16 was very strong. Overexpression of p16 
has been observed in HPV, but HPV infection in thymic epithelial tumors has 
been ruled out60. This overexpression might suggest that thymic epithelial tumors 
may harbor a different viral infection. However, after many years of viral research 
in MG and thymoma patients without conclusive results we should widen our 
research field. Genetic predisposition with hormonal and environmental factors 
should also be considered as a trigger for these diseases. 

International Thymic Malignancy Interest Group (ITMIG)

Evidencebased medicine is limited in orphan diseases like thymomas. For a 
long time, physicians treated thymomas without expert opinions, leading to only 
small case series with different treatment approaches. In May 2010 the ITMIG 
was inaugurated as a nonprofit organization, attempting to make a difference in 
thymic malignancies62, 63. In 2014 ITMIG counted over 600 members from dif
ferent countries. Until December 2009, 1,991 papers were published regarding 
thymomas, of which 79% consisted of case reports with only 5% of cohorts over 
100 patients (figure 3)62. ITMIG published two different supplements in the Jour
nal of Thoracic Oncology in 20116472 and 20147385. Some of their accomplish
ments include developing a retrospective and prospective database62, setting a 
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Figure 2. Biochemical cascade where protein 16 plays an important role in the cell cycle: (a) con

trolled cell cycle, protein 16 is connected to Cyclindependent kinase 4 (CDK4). This connection 

prevents protein retinoblastoma from being phosphorylated. Phosphorylation would induce the 

G1 (resting phase) to the Sphase of the cell cycle. (b) Uncontrolled cell cycle, protein 16 is not 

connected to CDK4 because of absence or abnormality of protein 16. Therefore, pRb is phosphory

lated. G1phase: interface between mitosis and start of DNAsynthesis (Sphase); G2phase:  

interface between S and Mphase61. 
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standard to report the outcome of thymic malignancies86, proposal of new defi
nitions for the mediastinum compartments75 and development of a lymph node 
map in thymic malignancies74. Our institution is participating in the retrospec
tive and prospective database87, is active in committees and has participated at 
every annual meeting since 2011. In our opinion, only organizations like ITMIG 
are the key to making a difference in evidencebased medicine of an orphan 
disease. All institutions treating this orphan disease should be active members 
and contribute to the ITMIG databases to improve the knowledge about thymo
mas. 

Concluding remarks

This thesis offers insight into thymicrelated diseases. With the availability of 
many patients with these rare diseases we have tried to form a steppingstone to 
a better understanding of orphan diseases related to the thymus. The main find
ings of this thesis are summarized in figure 4. 

Figure 3. Overview of published literature results from a PubMed search from 1989 to 2009 for 

thymoma, grouped by type of paper and size of patient cohort62. 
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Figure 4. Overview of the results this thesis.

CRS = complete stable remission, FISH = fluorescence in situ hybridization, HPyV7 = human 

polyomavirus 7, IHC = immunohistochemistry,  MG = myasthenia gravis, PCR = polymerase chain 

reaction, PR = pharmacologic remission, pRb = protein retinoblastoma.
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In the introduction of this thesis (chapter 1) the function and development of  
the thymus is described. The thymus is essential at birth for the development of 
the adaptive immune system. T-lymphocytes migrate from the bone marrow to 
proliferate and differentiate in the thymus. After puberty it decreases in size and 
weight; epithelial cells become atrophic and only adipose tissue remains.  
Tumors arising from the thymus are rare. Thymic epithelial tumors can be histo-
logically classified according to the WHO classification and tumor staging  
according to the Masaoka-Koga staging system. Both are important for the prog-
nosis of thymic epithelial tumors. Thymic tumors are often (20-40%) associated 
with the neuromuscular autoimmune disease myasthenia gravis (MG). MG is 
also a rare disease, where autoantibodies mostly against the acetylcholine  
receptor destroy this receptor. This results in weakness of the muscles worsening 
upon exertion. The exact role of the thymus in the pathogenesis of MG is unclear 
but removal of the thymus can improve neurological symptoms in MG patients. 

Maastricht University Medical Center is a referral center for the surgical treat-
ment of the thymus and the treatment of MG. Therefore we have a relatively 
large series of clinical data of these patients with orphan diseases and associated 
pathological specimens. In this thesis we address the controversies in this field. 
Chapter 2 describes the history of robotic assisted surgery and application in 
thoracic surgery. Beside the use of robotic assisted surgery in thymectomy, this 
technique is also applied for lobectomies and esophagectomies. Chapter 3  
investigates the role of robotic thymectomy in the treatment of thymomas.  
We retrospectively analyzed all patients who underwent a robotic thymectomy 
between April 2004 and April 2012 for a thymoma. No surgical complications 
occurred in these 37 patients. Conversion to open surgery was only performed 
when the surgeon suspected invasion of a major blood vessel. In the beginning 
of our series, two patients experienced a myasthenic crisis postoperatively. This 
did not occur later because we only included patients for thymectomy with sta-
ble myasthenic disease. After a median follow-up of 36 months one recurrence 
was observed in a patient who presented originally with a thymoma with pleural 
metastases. These results are promising. However, longer follow-up is required 
due to the indolent nature of thymomas. 

Chapter 4 outlines the latest developments in the clinical and scientific aspects 
of anti-acetylcholine receptor (anti-AChR) antibodies MG. In this review we  
focused on the literature published during the past 18 months. One of the main 
findings was that long-lived plasma cells, located in bone marrow and spleen 
appear as the main contributors of secreted anti-AChR antibodies in MG patients. 

Nawerk.indd   157 12-05-15   12:47



158

Summary

Besides thymectomy, therapies as proteasome inhibitors targeting these long-
lived plasma cells appear promising. Moreover, the utility of thymectomy in 
immunosuppressed patients will be answered in the first randomized controlled 
trial in the near future. In chapter 5 the role of robotic thymectomy in the treat-
ment of MG is investigated. We retrospectively analyzed 125 patients with  
MG who underwent a robotic thymectomy. Robotic thymectomy turned out to 
be safe and feasible in MG patients in whom no mortality and low morbidity 
was observed. The neurological improvement was classified according to the 
Myasthenia Gravis Foundation of America (MGFA) post intervention status. After 
a median follow-up of 33 months the neurological symptoms of 77% of the MG 
patients improved. Almost 33% of patients was in remission (complete stable 
remission (CSR) + pharmacological remission). Patients who were not treated 
with prednisolone preoperatively showed a significant higher CSR-rate than  
patients who did take prednisolone. Chapter 6 describes the role of additional 
autoantibodies in MG patients on the neurological outcome after thymectomy. 
This study shows that the neurological prognosis after thymectomy in patients 
with autoantibodies other than anti-AChR antibodies is similar to those without 
multiple autoantibodies. However, it is of interest to search for additional auto-
antibodies, because detection of such autoantibodies in MG patients may be 
relevant in terms of being a risk factor for the development of additional auto-
immune diseases.

In chapter 7 we described the detection of human polyomavirus 7 (HPyV7) in 
39 human thymic epithelial tumors. We detected HPyV7 using polymerase 
chain reaction (PCR), fluorescence in situ hybridization (FISH) and immuno-
histochemistry (IHC). In this study we found HPyV7 using FISH in 62.2% of the 
thymic epithelial tumors. We could not observe a correlation between HPyV7 
and MG. Absence of HPyV7 in 20 fetal thymi indicated that infection with 
HPyV7 occurs throughout life. Of all human polyomaviruses only the Merkel 
cell polyomavirus (MCPyV) has yet been identified as a novel human tumor virus 
in Merkel cell carcinomas (MCC), a very aggressive skin cancer of elderly and 
immune suppressed patients. MCPyV is integrated in the DNA of 80% of MCC. 

It is thought that tumorgenesis is induced by inhibition of the tumor suppressor 
protein retinoblastoma (pRb). Therefore, in chapter 8 we searched for a relation 
between the presence of HPyV7 and pRb and p16 in human thymic epithelial 
tumors. However, such relation was not observed. Our data indicate that pRb 
and p16 expression are unlikely to be involved in HPyV7 related thymomage-
nesis. In chapter 9 a general discussion of this thesis is outlined. 
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In de introductie van deze thesis (hoofdstuk 1) wordt de ontwikkeling en functie 
van de thymus (zwezerik) beschreven. De thymus is essentieel voor de ontwik-
keling van het verworven immuunsysteem. T-lymfocyten migreren vanuit het 
beenmerg naar de thymus voor proliferatie en differentiatie. Tijdens de adoles-
centie neemt de thymus af in grootte en gewicht. De epitheelcellen worden 
atrofisch waardoor er alleen vetweefsel overblijft. Thymomen (tumoren van de 
thymus) zijn zeer zeldzaam. In Nederland wordt ongeveer 30 keer per jaar de 
diagnose thymoom of thymuscarcinoom gesteld, waarbij 20-40% van deze  
patiënten ook de neuromusculaire auto-immuunziekte myasthenia gravis (MG) 
heeft. Ook MG is met een incidentie van 1 op 2000 mensen (per jaar) een zeld-
zame ziekte. De exacte rol van de thymus in het ontstaan van MG is niet geheel 
duidelijk. Auto antilichamen tegen de acetylcholine receptor vernietigen deze 
receptor bij patiënten met MG, waardoor de spierkracht afneemt bij herhaald 
gebruik van de spieren. Verwijdering van de thymus (thymectomie) resulteert in 
een vermindering van de neurologische symptomen. 

Tumoren van de thymus kunnen op basis van hun histologie onderverdeeld 
worden volgens de WHO-classificatie. De Masaoka-Koga classificatie wordt 
gebruikt voor de indeling van de invasiviteit van een thymoom. Beide classifica-
ties zijn belangrijke voorspellers voor de prognose van een patiënt. 

Maastricht Universitair Medisch Centrum is een gespecialiseerd centrum voor 
de chirurgische behandeling van thymomen en de behandeling van MG. Hier-
door beschikken wij over een in verhouding grote database van patiënten en 
bijbehorende weefsels van deze twee zeldzame aandoeningen. Er wordt betrek-
kelijk weinig onderzoek gedaan naar deze zeldzame ziektes waardoor er nog 
veel onzekerheden zijn. In deze thesis hebben we geprobeerd door middel van 
analy se van onze database een aantal onzekerheden weg te nemen. 

In hoofdstuk 2 wordt de geschiedenis van robotchirurgie en het gebruik in thorax-
chirurgie beschreven. Robotchirurgie wordt binnen de thoraxchirurgie niet al-
leen voor thymectomie toegepast maar ook voor operaties aan de longen en de 
slokdarm. Hoofdstuk 3 onderzoekt de rol van robotchirurgie in het verwijderen 
van een thymoom. Retrospectief hebben we alle patiënten met een thymoom 
geanalyseerd die tussen april 2004 en april 2012 een robotthymectomie hebben 
ondergaan. Onze analyses tonen dat er in 37 patiënten geen chirurgische com-
plicaties zijn ontstaan en een conversie naar een open procedure alleen geïndi-
ceerd was wanneer een thymoom ingroei vertoonde in een bloedvat. In het be-
gin van ons robotprogramma hebben 2 patiënten postoperatief een myasthene 
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crisis doorgemaakt. Door een betere patiënten selectie heeft na 2005 geen enkele 
patiënt meer een myasthene crisis doorgemaakt. Alleen patiënten met een sta-
biel ziektebeeld kwamen in aanmerking voor een thymectomie. De mediane 
follow-up van de patiënten was 36 maanden. Tijdens deze procedure toonde 
slechts 1 patiënt een recidief . Deze patiënt bleek echter bij de eerste operatie al 
een invasief thymoom te hebben met een pleurale metastase. Deze resultaten 
laten zien dat het verwijderen van een thymoom door middel van robotchirurgie 
een veilige en betrouwbare behandeling is. Echter een langere follow-up periode 
van 10 jaar is nodig, omdat thymomen een recidief kunnen geven zelfs na 10 jaar. 

Hoofdstuk 4 beschrijft de laatste ontwikkelingen op het gebied van de meest 
voorkomende vorm van MG, de zogeheten anti-acetylcholine receptor positieve 
MG (anti-AChR). In dit review hebben we ons gefocust op de literatuur van de 
laatste 18 maanden. Een van de belangrijkste bevindingen was dat langlevende 
plasmacellen die zich in het beenmerg en de milt bevinden gezien moeten 
worden als producenten van anti-AChR antilichamen. Proteasoom inhibitoren 
die deze langlevende plasma cellen aanvallen lijken een veelbelovende thera-
pie. Daarnaast zal het effect van de thymectomie in immunosuppressieve patiën-
ten duidelijk worden in de eerste gerandomiseerde studie, waarvan de resulta-
ten in 2015 zullen verschijnen. 

In hoofdstuk 5 hebben we retrospectief de rol van robotthymectomie in de be-
handeling van MG onderzocht. Hierbij hebben we 125 patiënten met MG 
geanalyseerd, die een robotthymectomie hebben ondergaan. Een robotthymec-
tomie in MG patiënten bleek veilig, zonder mortaliteit en met lage morbiditeit. 
De neurologische verbetering hebben we geclassificeerd volgens de Myasthenia 
Gravis Foundation of America (MGFA) classificatie. Hieruit bleek dat, na een 
mediane follow-up van 33 maanden, 77% van de MG patiënten neurologisch 
verbeterd was. Bijna 33% van de patiënten was in remissie (farmacologische 
remissie + complete stabiele remissie). Patiënten die preoperatief geen prednison 
gebruikten hadden een hogere kans om remissie van de neurologische symp-
tomen te bereiken dan patiënten die wel prednison gebruikten. 

In hoofdstuk 6 onderzochten wij of auto antilichamen, naast anti autolichamen 
tegen AChR, ook een rol spelen in de neurologische uitkomst na thymectomie in 
een MG patiënt. Deze studie toonde dat de neurologische uitkomst na thymec-
tomie in patiënten met anti-AChR zonder andere auto-antilichamen gelijk was 
aan patiënten met anti-AChR die wel andere auto-antilichamen hadden. Deze 
groep patiënten lijkt dus ook baat te hebben bij een thymectomie. Screenen 
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voor antilichamen in MG patiënten kan daarnaast zinvol zijn om een tweede 
auto-immuunziekte op te sporen. 

In hoofdstuk 7 beschrijven we de eerste ontdekking van het humaan polyoma-
virus 7 (HPyV7) in 39 humane epitheliale thymus tumoren. HPyV7 werd aan-
getoond middels polymerasekettingreactie (PCR), fluorescentie-in-situhybridisa-
tie (FISH) en immuunhistochemie (IHC). HPyV7 was door middel van FISH 
gevonden in 62,2% van de epitheliale thymus tumoren. We zagen geen verband 
tussen de expressie van HPyV7 en de aanwezigheid van MG. 20 foetale thymus-
sen waren alle negatief voor HPyV7, wat impliceert dat een infectie met HPyV7 
later in het leven plaatsvindt. 

Van alle polyomavirussen is het Merkel cel polyomavirus (MCPyV) het enige 
humane tumor virus. MCPyV is geïntegreerd in het DNA van 80% van de Merkel 
cel carcinomen (MCC). MCC is een agressieve neuro-endocriene tumor van  
de huid die vooral wordt gevonden in ouderen en immuun gecompromitteerde 
patiënten. 

Tumorgenese wordt geïnitieerd in MCC door remming van het tumorsupressor 
eiwit retinoblastoom (pRb). Om deze reden onderzochten wij in hoofdstuk 8 of 
er ook een relatie was tussen pRb en epitheliale thymus tumoren. Wij konden 
geen correlatie vinden tussen de aanwezigheid van HPyV7 en pRb en eiwit 16 
(p16) in epitheliale thymus tumoren.  

De exacte rol van HPyV7 in het ontstaan van humane thymus tumoren dient 
verder onderzocht te worden. Onze resultaten laten zien dat pRb- en p16 expres-
sie waarschijnlijk geen rol speelt in de tumorgenese geassocieerd met HPyV7. 

In hoofdstuk 9 wordt een algemene discussie over deze thesis gehouden. 
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Sociale relevantie

De ziektebeelden van de thymus, bijvoorbeeld myasthenia gravis (MG) en thymo-
men zijn beide zeer zeldzaam. Een ziektebeeld wordt als zeldzaam geclassifi-
ceerd als de prevalentie minder dan 1 op 2.000 is. In Nederland wordt 6-8% van 
de bevol king getroffen door een zeldzame ziekte. Het is dus ondanks de lage 
incidentie wel belangrijk dat er onderzoek naar gedaan wordt. Het Maastricht 
universitair medisch centrum (MUMC) is een verwijzend centrum voor de chirur-
gische behandeling van de thymus en de medicamenteuze behandeling van 
MG. In dit proefschrift is onder andere gezocht of we een betere patiënten selec-
tie kunnen hanteren in patiënten die een thymectomie zullen ondergaan. Dit 
zou ervoor kunnen zorgen dat minder patiënten deze procedure hoeven te  
ondergaan, wat tot een kostenbesparing kan leiden. Daarnaast wordt er betrek-
kelijk weinig onderzoek gedaan naar de ziektebeelden van de thymus. De data 
uit dit proef schrift zijn toegevoegd aan de database van de International Thymic 
Malignancy Interest Group (ITMIG). Deze wereldwijde database zal zorgen 
voor een beter en valide onderzoek naar deze weesziekte.

Doelgroepen

De onderzoeksresultaten in dit proefschrift zijn voor behandelend artsen zoals 
thoraxchirurgen, neurologen, longartsen en internisten, als ook van betekenis 
voor patiënten. Voor behandeld artsen zijn de uitkomsten van dit proefschrift 
van groot belang omdat er maar betrekkelijk weinig wetenschappelijk bekend is 
over deze ziektes. Het aantal centra dat patiënten naar het MUMC verwijst voor 
een thymectomie neemt toe, waardoor onze kennis en expertise groeit. Hier 
heeft zowel de patiënt als de behandeld arts profijt van. 

Innovatie, planning en realisatie

Uit dit proefschrift blijkt dat een thymectomie door middel van robotchirurgie 
een gunstig effect heeft op het beloop van de neurologische klachten in patiënt-
en met MG. De patiënten populatie bestaat grotendeels uit jonge vrouwen tus-
sen de 20-40 jaar oud. De gouden standaard was een sternotomie, wat een in-
vasieve procedure is. Deze minimaal invasieve techniek zorgt voor een kortere 
hospitalisatieduur, snellere werkhervatting en een mooier cosmetisch resultaat. 
Meer MG patiënten zullen door de minimaal invasieve techniek een thymecto-
mie ondergaan, hierdoor zal waarschijnlijk het aantal patiënten dat langdurig 
immunosuppressieve medicijnen moet gebruiken afnemen. Centralisatie van 
deze zorg zorgt voor kostenbesparing en een toename van expertise. 
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Het moment is dan toch echt daar, mijn boekje is eindelijk af. 

Allereerst wil ik alle patiënten bedanken. Zonder hun medewerking was dit 
proefschrift nooit tot stand gekomen. Daarnaast wil ik ook de afdeling cardio-
thoracale chirurgie, pulmonologie en het onderzoeksinstituut GROW bedanken 
voor het financieel mogelijk maken van dit promotietraject. 

Het afronden van dit proefschrift was nooit gelukt zonder de hulp van vele 
mensen. Hierbij wil ik iedereen hartelijk bedanken die heeft bijgedragen aan het 
tot stand komen van dit proefschrift. Zonder mensen te kort te doen wil ik graag 
een aantal personen in het bijzonder bedanken. 

Prof. Maessen, beste Jos, ik wil je bedanken voor alle begeleiding die ik de afge-
lopen jaren van je heb gekregen. Als naïeve derdejaars student ben ik bij jou 
begonnen met onderzoek en vanaf moment één heb je mij gesteund en zelf-
vertrouwen gegeven. Het was voor mij ook erg handig dat mijn kamer tegenover 
die van jou zat, waardoor ik altijd even binnen kon vallen. Ik heb me vaak  
afgevraagd waar je alle tijd en energie vandaan haalt om naast al je werkzaam-
heden ook nog zo betrokken te kunnen zijn bij alles wat er in het onderzoek 
gebeurt. Bedankt voor alle congressen waar ik voor jou mocht spreken. On-
danks dat ik geen cardiothoracaal chirurg wilde worden, heb je mij altijd ge-
steund waar ik je erg dankbaar voor ben.

Prof. De Baets, beste Marc, zelden heb ik iemand meegemaakt die zo betrokken 
is. Jouw deur stond werkelijk altijd open. Zonder jouw intensieve begeleiding 
was dit proefschrift nooit binnen 2 jaar afgerond. Je hielp mij zelfs mee met 
bloedbuisjes terug te zoeken in de vriezers van –20 graden. Daarnaast ken ik 
ook weinig mensen die zo veel passie en enthousiasme hebben voor hun vak-
gebied. Assistenten mogen jou altijd bellen met vragen over een myasthenie 
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