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A B S T R A C T

The population-based incidence, diagnostic procedures, therapy and survival of thymic

epithelial tumours were determined using the Netherlands National Pathological Archives

and the Netherlands Cancer Registry. Excess mortality compared to the Netherlands stan-

dard population was estimated by relative survival analysis.

Between 1994 and 2003, 537 thymic epithelial tumours were diagnosed. The incidence of

all thymic epithelial tumours was 3.2/1,000,000. Diagnosis was obtained by primary resec-

tion in 56% of cases. Survival data were available for 232 cases. Not only thymic carcinomas

(type C) but also thymomas (types B1–B3) were associated with excess mortality. Cases that

underwent resection (78%) had a better survival than non-operated cases (median survival

>10 years versus 1.1 years, p < 0.001). Amongst the surgically treated cases (n = 180), the

completeness of resection did not predict survival (p = 0.53).

Thymic epithelial tumours are rare. Excess mortality was observed in the majority of

tumours. Surgery offers the best perspectives, even if the resection is incomplete.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Thymomas and thymic carcinomas are rare tumours but nev-

ertheless are the most common neoplasms that arise from

the thymus in the anterior mediastinum.1 Thymomas origi-

nate from thymic epithelial cells. Although in thymomas epi-

thelial cells lack cytological atypia, thymomas may behave as

locally invasive tumours and can therefore be considered as

potentially malignant. Whether they are truly malignant is

still a subject of debate. Thymic carcinomas also arise from
er Ltd. All rights reserved

rd Annual meeting of the
fax: +31 50 3619320.

(W.K. de Jong).
thymic epithelial cells, but they have both a malignant cellu-

lar appearance and behaviour. One-third to two-thirds of the

thymomas are found in asymptomatic patients.1 The most

well-known paraneoplastic syndrome is myasthenia gravis,

occurring in up to 45% of patients with a thymoma.1,2

A provisional diagnosis of a thymic tumour is based on

clinical features and anatomical appearance on computed

tomography (CT).2 A definitive diagnosis of a thymic epithelial

tumour is subsequently established by examination of tissue

obtained through transthoracic needle or surgical biopsy, or
.
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after primary resection. Thymomas are also incidentally

found during thoracic surgery for other reasons or during au-

topsy.3 How often cytological aspirates or biopsy procedures

precede resection and lead to accurate classification is

unknown.

Thymic epithelial tumours are characterised by histologi-

cal subtype and stage of the disease. Since 1999, the World

Health Organisation classification is the most widely used

histological classification system4; the term benign and

malignant thymoma has fallen out of fashion. Thymic epithe-

lial tumours are divided into six types, based on the predom-

inant cell type. The Masaoka staging system is the most

widely used clinical staging system for thymic epithelial tu-

mours.5 This system is based on the presence of local inva-

sion in the thymus capsule and neighbouring organs, and

on systemic expansion.

At present, the primary choice of treatment is resection.1

The use of chemotherapy and/or radiotherapy, with or with-

out surgery, is not standardised.6 Several studies report that

survival is strongly dependent on achieving a complete resec-

tion, histological classification and tumour stage.7–11

Our aim was to determine the incidence of all thymic epi-

thelial tumours, and to evaluate the diagnostic procedures

and the therapeutic interventions for these tumours in the

Dutch population during a 10-year period.

2. Patients and methods

Data on cancer patients were anonymously collected by two

nationwide databases. The Netherlands National Pathological

Archives (PALGA) database registers all cytopathological and

histopathological reports, and contains basic patient charac-

teristics and diagnostic terms in line with the systematised

nomenclature of medicine terminology.

The Netherlands Cancer Registry (NCR) records clinical

and surgical data of all newly-diagnosed malignancies, with

the exception of basal-cell skin cancer, and contains basic

patient characteristics and clinical information such as tu-

mour location, tumour stage, treatment and survival. Vital

statistics were collected either directly from the patient’s

medical record or through linkage of NCR with the munici-

pal population registries. Information from the PALGA and

NCR databases were merged over a period from 1994 to

2003.

All procedures were performed according to Dutch privacy

regulations. Because the study involved anonymised data that

were routinely collected and explicitly did not involve the use

of human subjects, consent was not specifically obtained and

Institutional Review Board approval was not necessary.

3. Selection of cases from PALGA

An initial screening was performed in PALGA using the key

words: ‘thymoma, benign’; ‘thymoma, malignant’; ‘thymoma,

lymphocyte-rich’; ‘thymus, neoplasm’; ‘thymus, benign’ and

‘thymus, malignant’. Between 1st January 1994 and 31st

December 2003, 1244 hits matched the keywords. These

1244 hits originated from 750 cases, because in many cases

more than one pathological specimen was recorded of the

same tumour.
Of these 750 cases, 151 (20.1%) were excluded from the

analysis because of other diagnoses, of which malignant lym-

phoma (49 cases, 6%) and carcinoid tumour of the thymus (31

cases, 4%) were the most common. Another 38 cases (5.1%)

were excluded, because their thymic epithelial tumour was

originally diagnosed before 1994. In 24 cases (3.2%), a defini-

tive diagnosis was inconclusive or unknown. These categories

were all excluded, leaving a total of 537 primary thymomas

and thymic carcinomas.

4. Selection of cases from NCR

Over the same period, a total of 269 cases with a malignancy

located in the thymus region (ICD code C.37.9) were collected

from the NCR database. Cases were matched with the PALGA

cases using date of birth, gender, and, if necessary, date of

diagnosis.

Two hundred and thirty-two (86.2%) of the 269 cases with a

thymus tumour according to NCR could be merged with PALGA

data. Of these 232 cases, six cases had a histological diagnosis

other than a thymic epithelial tumour according to NCR. In

these cases the PALGA classification prevailed. Of the 37 un-

matched cases, 26 had a histological diagnosis other than a

thymic epithelial tumour according to NCR, mostly carcinoid

(n = 17) or neuro-endocrine carcinomas (n = 6) of the thymus.

5. Tumour classification and staging

All tumours were histopathologically classified according to

WHO criteria.4 Older classifications were reclassified accord-

ing to WHO by two independent observers (JLGB and WKdJ).

Some neoplasms are composed of combinations of the various

types, and are therefore considered combined thymomas (e.g.

B2 + B3). These mixed presentations were classified according

to the most aggressive type, which determines the prognosis.7

For clinical staging the Masaoka system was used.5

5.1. Diagnostic approach

For each case the diagnostic procedures resulting in a definitive

diagnosis of ‘thymoma’ or ‘thymic carcinoma’ were recorded.

Diagnostic procedures were categorised as transthoracic fine

needle aspirates for cytology, transthoracic needle biopsies,

surgical biopsies, primary resection for histology or incidental

findings at autopsy or surgery for other reasons. The complete-

ness of a resection was recorded, as well as the dimensions and

weight of the resected specimen. All resections were checked

and only considered to be complete if no microscopical and/

or macroscopical tumour residue was present.

5.2. Statistical analyses

The present study is a population-based study, encompassing

the entire Dutch population of approximately 16 million

inhabitants. The population at risk for each year was deter-

mined from the data from Statistics Netherlands.12 Incidence

rates were age-standardised using the European Standard

Population as reference.13 Trends in incidence rates were

studied by calculating the Estimated Annual Percentage

Change (EAPC).
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Differences between groups were assessed by the v2 or

Kruskall–Wallis test for categorical variables and the Mann–

Whitney test for continuous variables.

Survival was calculated from the date of diagnosis until

death or until end of follow-up and was estimated using the

Kaplan–Meier method. Survival differences in subgroups

were compared with the log-rank test.

Relative survival, the ratio of the observed to the expected

survival, was considered as an estimator of the excess risk of

death. The expected survival was calculated using age, gen-

der and period matched mortality rates based on Dutch life

expectancy tables.12 Multivariate relative survival analysis

was based on the estimation of the ratio of excess mortality

rates.14 All reported p-values are two-sided, the statistical sig-

nificance level was set at a p-value <0.05.

6. Results

6.1. Characteristics

Of the 537 cases from the PALGA database, 275 (51%) were fe-

males. Median age at time of definitive diagnosis was 59 years

(range: 1–94, interquartile range 48–70). Myasthenia gravis

was present in 78 cases (15%). In 13 cases other paraneoplas-

tic syndromes were observed (7 cases with pure red cell apla-

sia/aplastic anaemia, 6 cases with rarer syndromes such as

hypogammaglobulinemia). The median largest tumour diam-

eter was 7.5 cm (range 0.1–22 cm, n = 298), with a median

weight of 213 g (range 20–2100 g, n = 70).

6.2. Incidence of thymoma and thymic carcinoma

During the 10-year period, 54 thymic epithelial tumours were

diagnosed each year. The average annual incidence of all thy-

mic epithelial tumours was 3.4/1,000,000 and the age standar-

dised incidence was 3.2/1,000,000 (Table 1). Incidence was 2.2/
Table 1 – Incidence of thymoma and thymic carcinoma (numb
change of incidence) in the Netherlands 1994–2003

Year of
diagnosis

Male Femal

Number Age standardised
incidencea

Number Age s
in

1994 29 3.83 31

1995 21 2.84 19

1996 19 2.48 19

1997 27 3.65 23

1998 21 2.70 31

1999 25 3.17 22

2000 28 3.50 27

2001 23 2.83 42

2002 34 4.05 32

2003 35 4.13 29

Total 262 3.32 275

EAPCc – +2.3% –

(p = 0.266) (

a Age standardised incidence (based on European Standard Population13

b Observed incidence per 1,000,000 person years.

c EAPC, estimated annual percentage change.
1,000,000 for thymoma (types A, AB, B1 and B2) and only 0.3/

1,000,000 for type C thymic carcinoma. Incidence rates for

males and females were not different.

The incidence of thymic epithelial tumours did not in-

crease over the 10-year period (3.2%, p = 0.12), but by exclud-

ing the first year of observation (1994), there was an

increase of 6.0%, p = 0.002.

6.3. Tumour classification and staging

WHO types AB, B1 and B2 tumours were most common (Table

2). Thymic carcinoma (type C) was observed in 56 cases

(10.4%). Cases with WHO types A and AB tumours were on

average 5 years older than those with types B1 and higher

(p < 0.001). The majority of cases had low Masaoka disease

stages. Cases with thymic epithelial tumours of more malig-

nant WHO types more often had a higher Masaoka stage at

diagnosis than those with thymomas of less malignant

WHO types (Table 2, p < 0.001).

6.4. Diagnostic approach

Primary resection as first definitive diagnostic approach was

used in 302 cases (56%) (Table 3). Primary resection as first

diagnostic procedure was more common in younger cases

and cases with smaller tumours (p = 0.002 and p < 0.001,

respectively). The percentage of primary resection as first

diagnostic procedure gradually decreased with increasing

Masaoka stage (76%, 75%, 46% and 23% from stages I to IV,

respectively). In cases that were diagnosed with thymic carci-

noma, the most frequently used first diagnostic procedure

was a needle biopsy (20 of 56 patients, 36%).

A pre-operative pathological diagnosis was available in

24% of all cases that underwent a resection. A transthoracic

needle biopsy was the most frequently used procedure to ob-

tain a diagnosis before resection (in 64% of cases with a
er, observed and age-standardised incidence and annual

e Total

tandardised
cidencea

Number Observed
Incidenceb

Age standardised
incidencea

3.67 60 3.91 3.79

2.16 40 2.59 2.47

2.18 38 2.45 2.33

2.82 50 3.21 3.20

3.43 52 3.32 3.13

2.38 47 2.98 2.81

2.93 55 3.47 3.21

4.93 65 4.07 3.88

3.66 66 4.10 3.84

3.23 64 3.95 3.66

3.14 537 3.41 3.23

+3.9% – – +3.2%

p = 0.196) (p = 0.120)

) per 1,000,000 person years.
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pre-operative diagnosis), followed by surgical biopsy (25%)

and needle aspiration for cytology (11%). Transthoracic needle

biopsy was also the most frequently used method to obtain a

diagnosis in cases that were not treated by resection.

Median time between preoperative diagnosis and subse-

quent resection was 37 days (interquartile range 21–84). The

type of diagnostic procedure did not influence this time inter-

val (p = 0.58).

Eventually, 419 of the 537 PALGA cases (78%) underwent a

resection (Table 3). This resection was complete in 227 cases

(54%), incomplete in 129 cases (31%) and completeness was

unknown in 63 cases (15%). Of the 56 cases with thymic carci-

noma, 28 (50%) underwent a resection.

Small changes in diagnostic procedures were observed

when comparing the first five years of the 10-year study per-

iod to the last five years. The most important difference was a
Table 3 – Procedures leading to a definitive diagnosis of thym

First procedure Number
of cases

Per
tot

Needle aspiration (cytology) 19

Needle biopsy (histology) 130

Surgical biopsy 52

Primary resection 302

Incidental finding during surgery

for other indications

15

Incidental finding at autopsy 16

Other 1

Unknown 2

Total 537

Table 2 – WHO classification of thymic epithelial tumours
distributed according to Masaoka clinical stages (n = 537)

I II III IV Unknown Total

A 20 15 6 2 20 63

AB 55 28 3 4 25 115

B1 28 20 9 5 25 87

B2a 19 27 19 15 17 97

B3b 12 12 11 13 15 63

Cc 0 6 13 18 19 56

Unknown 8 14 7 5 22 56

Total 142 122 68 62 143 537

Classification is not equally distributed amongst tumour stages

(p < 0.001).

Description of WHO classification (4): type A: medullary thymoma;

type AB: mixed thymoma; type B1: predominantly cortical thy-

moma; type B2: cortical thymoma; type B3: well-differentiated

thymic carcinoma; type C: thymic carcinoma.

Description of Masaoka clinical stages (5): stage I: macroscopically

completely encapsulated lesion without capsular invasion; stage II:

capsular invasion and/or invasion in surrounding fat or pleura; stage

III: invasion in neighbouring organs (lung, great vessels, pericar-

dium); stage IV: presence of pleural or pericardial dissemination,

and/or presence of lymphogenous or haematogenous metastases.

a Including three combined B1 + B2 thymomas.

b Including eight combined B2 + B3 thymomas.

c Including one combined B3 + C thymoma.
decrease in frequency of incidental finding of thymus tu-

mours (both during autopsy and during thoracic surgery for

other indications) from 10% to 2.4%.

6.5. Myasthenia gravis

Primary resection was more common as a first diagnostic pro-

cedure in cases with myasthenia gravis than in those without

myasthenia gravis (90% and 51%, respectively, p < 0.001).

Cases with myasthenia gravis were younger and had smaller

masses than those without myasthenia gravis (p = 0.001 and

p = 0.004, respectively). Only three of the 78 thymic epithelial

tumours in cases with myasthenia gravis were not resected.

Two of those three tumours were found at autopsy, the reason

for withholding resection in the third case was unknown.

6.6. Survival

Survival data of 232 cases (43.2% of 537 cases) were available.

Gender and age distribution were not significantly different

from the complete study population. The 2, 5 and 10- year

overall survival of all these thymic epithelial tumours com-

bined was 75%, 69% and 40%, respectively.

WHO classification, Masaoka disease stage, resection and

age (distributed into three groups) were significant prognostic

factors of overall and relative 5-year survival (Table 4). Year of

diagnosis (1994–1998 versus 1999–2003), gender and myasthe-

nia gravis were not prognostic for survival (Table 4). Some

adjoining histological types and disease stages had similar

observed 5-year survival rates and could therefore be clus-

tered (Fig. 1). Excess mortality was present in all WHO types

except types A and AB (Table 4).

Resection was the most important independent prognostic

factor for survival (p < 0.001). When resection, being related to

disease stage, was excluded from multivariate analysis, WHO

classification, Masaoka disease stage and age were indepen-

dent prognostic factors (p < 0.001, p = 0.010 and p < 0.001,

respectively).

6.7. Treatment

The majority of cases of which we had survival data (n = 180)

was treated with surgery, or surgery combined with chemo-

therapy and/or radiotherapy. The 10-year survival of surgi-
ic epithelial tumours (n = 537)

centage of
al number
of cases

Followed
by resection

Percentage of
total number
of resections

3.5 11 2.6

24.2 65 15.5

9.7 26 6.2

56.2 302 72.1

2.8 15 3.6

3.0

0.2

0.4

100.0 419 100.0



Table 4 – Univariate overall and relative 5-year survival with 95% confidence intervals

Number Overall 5-year
survival in %

(95% confidence
interval (CI))

p-value* Relative survivala

in % (95% CI)
p-valueb

Time of diagnosis 0.4463 0.1582

1994–1998 100 70.2 (61.9–79.6) 78.3 (66.7–87.4)

1999–2003 132 69.8 (54.8–77.5) 74.0 (63.1–82.6)

Gender 0.6816 0.8309

Male 122 70.3 (60.0–78.4) 78.4 (66.8–87.5)

Female 110 67.2 (56.2–76.1) 71.7 (59.8–81.3)

Age 0.0004 0.0135

<50 69 73.8 (60.2–83.5) 74.7 (61.0–84.4)

50–69 116 74.8 (63.7–82.9) 79.8 (67.8–88.6)

P70 47 46.8 (31.3–60.9) 64.4 (43.5–83.2)

WHO classification 0.0001 0.0004

A 19 87.8 (59.4–96.9) 100 (69.9–111.9)

AB 33 83.0 (63.8–92.6) 92.8 (71.2–103.6)

B1 34 81.7 (61.0–92.1) 86.5 (64.7–97.4)

B2 54 81.9 (66.6–90.6) 85.9 (69.8–95.2)

B3 36 53.1 (32.8–69.8) 56.9 (35.5–74.5)

C 36 37.8 (20.5–55.0) 42.6 (23.7–61.0)

Unknown 20 59.7 (33.0–78.7) 70.9 (39.1–93.5)

Masaoka stage <0.0001 0.0028

I 25 82.9 (60.5–93.3) 91.2 (65.8–103.2)

II 75 87.8 (75.7–94.1) 95.3 (82.2–102.1)

III 53 57.6 (39.6–72.1) 63.2 (43.7–78.7)

IV 50 55.6 (38.6–69.5) 59.7 (41.4–74.8)

Unknown 29 49.9 (29.4–67.3) 56.3 (33.2–76.2)

Tumour resected <0.0001 <0.0001

Yes 180 80.1 (72.5–85.9) 87.7 (79.3–94.1)

No 52 27.6 (14.1–42.9) 29.9 (15.3–46.3)

Myasthenia gravis 0.1161 0.2280

Yes 27 82.3 (59.1–93.1) 88.9 (65.0–100.0)

No 205 66.9 (58.9–73.7) 73.1 (64.4–80.6)

a Relative survival, the ratio of the observed to the expected survival, was considered as an estimator of the excess risk of death compared to

the standard population.

b Poisson regression analysis of relative survival rates, adjusted for follow-up time.

* Log-rank test.
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cally treated cases was 52%; those not surgically treated

(n = 52) had a median survival of 1.1 years (Fig. 1).

Resection was complete in 74 cases (41%), incomplete in 96

cases (53%) and unknown in 10 cases (6%). Cases with a com-

plete resection did not have a better survival than those with

an incomplete resection (p = 0.53) (Fig. 1). Cases with an

incomplete resection more often received (neo)adjuvant ther-

apy than those with a complete resection (64% versus 39%,

p = 0.002). In cases with an complete resection, (neo)adjuvant

therapy consisted of radiotherapy (25%), chemotherapy (7%)

or chemoradiotherapy (7%). In cases with a incomplete resec-

tion, (neo)adjuvant therapy consisted of radiotherapy (50%),

chemotherapy (10%) or chemoradiotherapy (4%).

7. Discussion

The present population-based study is the first to determine

the incidence of all thymic epithelial tumours, with good cov-

erage also of ‘benign’ lesions in comparison with many other
studies. This study points out that in the Netherlands primary

resection is the most frequently used procedure to obtain a

definitive diagnosis of a thymus tumour. The majority of the

thymic epithelial tumours is associated with excess mortality

compared to the standard population. Remarkably, contradic-

tory to previous publications, the completeness of resection

was not predictive for overall survival.

The design of this population-based study had some limi-

tations. First, it is a retrospective study; therefore the conclu-

sions should be interpreted with caution. For example, the

low prevalence of MG in our population could be a result of

underreporting of co-existent diseases. However, one should

realise that all large studies on thymic epithelial tumours

were retrospective. Second, detailed information on the mag-

nitude of incompleteness of resections was not available in all

cases. Incomplete resections ranged from debulked large tu-

mours to microscopical tumour residues. In addition, detailed

information on the dosage, intensity and timing of (neo)adju-

vant therapy was unavailable. Third, the occurrence of second
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Fig. 1 – Overall survival curves of cases with thymic epithelial

tumours distributed according to WHOclassification (clusters

A–B2, B3 and C, upper panel) or Masaoka disease stage

(clusters I-II and III-IV, middle panel). Tumours with

unknown classification (n = 20) or disease stage (n = 29) are

not included, respectively. Overall survival curves according

to treatment are displayed in the lower panel. Cases with a

resection with unknown completeness (n = 10) are excluded.

No resection versus resection p < 0.001, and complete

resection versus incomplete resection p = 0.53.
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primary tumours, which are common for thymomas15 and

may influence survival time, was not recorded.

The incidence for all thymic epithelial tumours in the

Netherlands was 3.2/1,000,000. We observed that slightly less

than half of all thymic tumours are collected by the Nether-

lands Cancer Registry, resulting in an incidence of only 1,5/

1.000.000 for thymomas considered as malignant in that reg-

istry. In the United States, the Surveillance, Epidemiology and

End Results (SEER) programme collects cancer incidence and
survival data, thereby covering approximately 26% of the US

population. Based on SEER data, an incidence of 1.5/

1,000,000 (similar to NCR) for malignant thymomas was re-

ported16 without information about WHO types. Therefore,

approximately 50% of all thymic epithelial tumours escape

registration in cancer registries, probably because they are

considered as benign tumours. Our data provide an increas-

ing trend in the incidence of thymic epithelial tumours. This

may be explained by the larger availability of CT-scans and

more medical indications for performing CT scans leading

to a decrease in incidental findings of thymomas. Overall,

thymomas and thymic carcinomas are very uncommon, and

the literature about diagnostic approaches and treatment is

sparse.

Primary resection, i.e. resection without a pre-operative

tissue diagnosis, was performed in the majority of cases

and was associated with smaller tumours, younger age and

the presence of myasthenia gravis. Pre-operative tissue

diagnosis was obtained in only 24% of cases, which is less

than was reported in the literature.3,17 In cases that had a

primary resection, especially in those with smaller masses

or myasthenia gravis, a resectable thymic mass as assessed

by CT scan was considered sufficient to proceed to thoracot-

omy without further diagnostics. A CT scan is very useful to

assess the resectability of a localised tumour in the anterior

mediastinum, but cannot differentiate between the different

histological subtypes.18 The presumed risk of dissemination

of disease following a needle procedure may also favour

immediate thoracic surgery without a pre-operative diagno-

sis. There is considerable disagreement in the literature

about the risk of implantation metastases during transtho-

racic procedures.2 In an analysis evaluating more than

68,000 transthoracic needle biopsies for different malignan-

cies, the incidence of needle-track metastasis was only

0.012%.19 Therefore, despite two case reports that describe

implantation metastases,20,21 the risk of seeding appears to

be low.

Only 3.5% of all thymomas were diagnosed with a cytolog-

ical procedure. The accuracy of cytology in diagnosing thymo-

mas is limited, as this depends on the acquisition of both

epithelial and lymphoid elements in one sample.22 Cytology

may provide some evidence for a thymic origin of the tumour

but sampling error and tumour heterogeneity preclude proper

typing and staging of the tumour. Therefore, histology is

recommended.

Our results are in line with the studies from Germany, Ja-

pan, China and Italy in histological subtype frequencies of

thymomas and thymic carcinomas.7,9–11,23,24 Types AB and

B2 were the most frequent, and type C thymic carcinoma rep-

resented about 5–15% of the disease spectrum. An other sim-

ilarity between our findings and earlier studies7,9,11,23–26 is

that adjoining histological types and disease stages have

comparable survival rates. Combining types A, AB, B1, and

B2, as was recently proposed by Suster and Moran,27 results

in better separation of survival curves (Fig. 1). This is in line

with the low reproducibility of the WHO classification be-

tween pathologists (interobserver agreement of only 0.49 for

the B subtypes using j statistics10) and the large heterogene-

ity of thymomas making classification prone to sampling er-

rors.28 The low reproducibility is also caused by the fact that
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most pathologists see only one or two thymic epithelial tu-

mours per year due to the low incidence.

In this study, as opposed to most other studies that report

only on overall survival, we showed that the majority of thy-

momas is associated with a decrease in life expectancy be-

cause excess mortality was observed in WHO types B1 up to

C and for Masaoka stages III and IV.

Resection is by far the best treatment option for patients

with a thymic epithelial tumour,7,8,23 although it is possible

that not only tumour-related factors but also patient-related

factors such as a worse performance status or co-morbid ill-

nesses played a role in the decision not to operate, explaining

the very poor survival for those patients without a resection.

Contrary to earlier findings,1,7,8,23 cases with a complete

resection did not have a better survival than those with an

incomplete resection. This may be due to the population-

based design of our study compared to the single-centre

design of most other studies. Also, in this study, more pa-

tients had an incomplete resection than in most other

studies,7,8,11 possibly due to our strict criteria for defining

completeness. Patients with an incomplete resection received

more (neo)adjuvant chemotherapy and/or radiotherapy than

patients with a complete resection. It has been reported that

postoperative adjuvant therapy decreases the recurrence rate

in incompletely resected thymomas.7 In addition, high overall

survival rates were observed in patients with initially

unresectable thymomas, who were treated with resection

and postoperative radiotherapy after induction chemother-

apy.29,30 In conclusion, the present study points out that sur-

gery offers the best perspectives for patients with thymic

epithelial tumours, even if the resection is incomplete.
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