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Background: To assess the correlation of WHO histological classification of thymomas and thymic 
carcinomas (TCs) with prognosis in recently treated patient cohort compared to a historical one from a 
single institution. 
Methods: Retrospective review of clinical charts and histological sections of 241 patients treated during 
1997–2004. Univariate and multivariate analysis of associations between risk factors including gender, age, 
tumor size, myasthenia gravis, WHO histological subtype, Masaoka stage, resection status, (neo-)adjuvant 
therapies, and survival. 
Results: The 5-year overall survival (OS) of A, AB, B1, B2, B3 thymomas and TCs patients was 100%, 
100%, 94%, 80%, 94% and 45%. Five-year progression-free survival (PFS) was 100%, 96%, 78%, 80%, 
78% and 39%, respectively. The 5-year OS of patients with Masaoka stage I, II, III and IV thymomas and 
TCs was 96%, 89%, 59% and 50%. (Neo-)adjuvant therapies were administered more often than in the 
historical cohort. Tumor-related death mainly occurred in patients with stage III, IV and B2, B3 thymomas 
and TCs. By univariate analysis, gender, tumor size, myasthenia gravis (MG) status, histotype, Masaoka 
stage, resection status and treatment were associated with OS. By multivariate analysis, histological subtype, 
Masaoka stage, and (neo-)adjuvant therapy were revealed as independent prognostic indicators. 
Conclusions: WHO histological subtype, Masaoka stage and (neo-)adjuvant treatment have remained 
independent determinants of OS in patients with thymomas and TCs. Compared with the historical cohort 
during 1969–1996, prognosis of patients with B2, B3 thymomas has improved, which may be partly due to 
the increased use of adjuvant therapies. Prognosis of patients with TCs remained unsatisfactory, suggesting 
that neoadjuvant treatment should be tested to improve survival.
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Introduction

Thymic epithelial tumors (TET) comprise of thymomas and 
thymic carcinomas (TCs). Due to their rarity, heterogeneous 
morphology, and equivocal diagnostic criteria, histological 
classification of TET has been controversial (1,2). Since 
1999 the WHO classification labels the main thymoma 
histological subtype as A, AB, B1, B2 and B3 (3,4). 
Although well-established world-wide, its prognostic 
value has been under debate (5-8). Most studies (9),  
including one of 200 cases treated between 1969 and 1996 
at Shanghai Chest Hospital (SCH) (8), found A, AB and B1 
thymomas to have a better prognosis, while others reported 
on comparable aggressiveness of B1, B2 and B3 thymomas (7),  
and aggressive and unresectable cases of A thymomas (6). 
Hereby, we investigated 244 new patients with thymomas 
and TCs from the SCH that were treated more than a 
decade later and compared clinicopathological variables and 
outcome in the two cohorts. 

Materials and methods

Sources of data

A total of 335 consecutive patients underwent surgical 
resection of TET at SCH from 1997 to 2004. Among them, 
244 patients with available treatment and follow-up data 
were included into the study. All histological sections were 
reviewed and tumors were classified according to the 2004 
WHO classification of thymic tumor (4). All histological 
sections were first reviewed by 2 senior pathologists (Jie 
Zhang, Lei Zhu) separately according to the 2004 WHO 
classification of thymic tumor (4). Tumor sections from all 
patients who were dead, and some typical and debatable 
cases (n=110, 45.6% of the cohort) were reviewed by 
Alexander Marx. Consensus was achieved at a face-to-face 
microscopy session (J.Z., L.Z., A.M.).

There were 183 thymomas, 58 TCs. Two meta-plastic 
and 1 micronodular thymoma were excluded for further 
analysis. The study was approved by the Institutional 
Review Board of SCH. Clinicopathological data was 
retrieved from of SCH’s files. The deadline of follow-up 
was June 30th, 2011. The time of follow-up ranged from 6.4 
to 14.5 years (median: 7.8 years).

Statistical analysis

Data of 241 patients was statistically analyzed by SPSS 18 
statistic software (SPSS Inc., Chicago) and SAS software, 

release 9.2 (SAS Institute Inc., Cary, NC, USA). Qualitative 
parameters were presented by their absolute and relative 
frequencies; for quantitative variables mean values ± 
standard deviation together with the corresponding ranges 
were given. In order to compare several groups regarding a 
qualitative parameter, Chi-square test or Fisher’s exact test 
was used, as appropriate. Mean values were compared by 
1-one-ANOVAs; for comparisons of two groups, 2-sample 
t-tests was used.

Overall survival (OS) and progression-free survival 
(PFS) were analyzed by the Kaplan-Meier method 
and evaluated for statistical differences by the log-rank 
test. Multivariate Cox regression analysis was used to 
investigate simultaneously the effects of possible risk 
factors [gender, age, myasthenia gravis (MG) status, tumor 
size, histotype, Masaoka stage, resection status, and (neo-
adjuvant) treatment] on survival. Results were considered 
as statistically significant for P<0.05. For multiple Cox 
regression models significance level was set at 0.10. 

Results

Clinicopathologic characteristics of current cases

Details of the tumors and patients are given in Table 1. In 
TCs, the proportion of male patients was higher than that 
in thymomas. However, among the thymoma subtypes, no 
statistically significant difference was found. 

Patients with B2 and B3 thymomas and TC were 
significantly younger than patients with A thymomas 
(P=0.0008, P=0.0101 and P=0.0095, respectively).  

No statistically significant differences could be detected 
between thymoma and TC (P=0.8520) on tumor size. 

In our population, more than 95% of patients with A, 
AB, B1 thymomas showed Masaoka stage I or II. Higher 
stages increased from B2 through B3 thymomas to TCs. 

The difference between resection rate in TCs and all 
thymomas was highly significant (P<0.0001). Between 
thymoma subtypes, rates of incomplete resections were only 
slightly significant (P=0.0071).

Among thymoma patients (n=183), 23.7% had MG; it 
occurred most frequently in B2 thymomas. The difference 
between thymoma and TC patients (only 2%) was 
highly significant (P=0.0001). More than that, among B2 
thymomas patients MG was significantly more common 
compared to A-AB, B1 or B3 types (P=0.0401, P=0.0037, 
P=0.0142 or P=0.0396, respectively). The only one MG-
associated TC (squamous cell carcinoma) showed a minor 
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Table 1 Summary of clinicopathological feature of TET 

Histotype** Type A (n=12) Type AB (n=74) Type B1 (n=18) Type B2 (n=46) Type B3 (n=33) TCs (n=58) Total (n=241)

Gender*

Male 5 [42] 37 [50] 5 [28] 18 [39] 17 [52] 40 [69] 122 [51]

Female 7 [58] 37 [50] 13 [72] 28 [61] 16 [48] 18 [31] 119 [49]

Age (years)

Mean ± SD 59.0±10.6 51.8±12.0 51.6±11.2 45.3±13.0 48.2±10.9 48.8±13.6 49.7±12.6

Range 45.0–72.0 17.0–72.0 29.0–70.0 15.0–77.0 29.0–68.0 12.0–72.0 12.0–77.0

Tumor size (cm)*

Median ± SD 7.6±3.6 7.6±2.3 7.0±2.5 9.0± 3.6 8.0±2.7 8.5±3.5 8.1±3.1 

Range 4.0–16.0 3.0–14.0 3.5–12.0 2.5–20.0 2.5–17.0 3.0–20.0 2.5–20.0

MG status*

Negative 11 [92] 60 [81] 16 [89] 26 [57] 26 [79] 57 [98] 196 [81]

Positive 1 [8] 14 [19] 2 [11] 20 [43] 7 [21] 1  [2] 45 [19]

Masaoka stage**

I 7 [58] 61 [82] 13 [72] 23 [50] 8 [24] 3 [5] 115 [48]

II 4 [33] 11 [15] 5 [28] 6 [13] 3 [9] 9 [16] 38 [16]

III 1 [8] 2 [3] 0 13 [28] 17 [52] 41 [71] 74 [31]

IV 0 0 0 4 [9] 5 [15] 5 [9] 14 [6]

Resection status*

Complete 11 [92] 73 [99] 17 [94] 41 [89] 29 [88] 35 [60] 206 [86]

Incomplete 1 [8] 1 [1] 1 [6] 5 [11] 4 [12] 23 [40] 35 [15]

Treatment

1 8 [67] 45 [61] 9 [50] 25 [54] 17 [52] 18 [31] 122 [51]

2* 0 2 [3] 2 [11] 9 [20] 12 [36] 19 [33] 44 [18]

3** 1 [8] 2 [3] 0 0 1 [3] 7 [12] 11 [5]

4* 0 0 2 [11] 2 [4] 2 [6] 8 [14] 14 [6]

5 3 [25] 25 [34] 5 [28] 10 [22] 1 [3] 6 [10] 50 [21]

Outcome

Progression 0 1 7 14 [6]# 11 [1]# 39 [17]# 72 [24]#

Alive 12 [100] 71 [96] 16 [89] 34 [74] 28 [85] 20 [34] 181 [75]

Died of tumor 0 0 1 [6] 10 [22] 4 [12] 36 [62] 51 [21]

Died of other 

causes

0 3 [4] 1 [6] 2 [4] 1 [3] 2 [3] 9 [4]

* or **, significance of association with overall survival in univariate (*) and multivariate (**) analysis; #, number of patients with 

progression, i.e., relapse or metastasis (number of patients with progression but lack of a clear time to progression). Treatment: 

1, postoperative radiotherapy (RT); 2, postoperative RT plus chemotherapy (CT); 3, post-operative CT; 4, therapies including 

neoadjuvant RT and/or CT; 5, no (neo-)adjuvant therapy.
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B3 component. Pure TCs were not associated with MG.

Adjuvant and neoadjuvant treatment of thymic epithelial 
tumors (TETs)

Due to lack of standardized treatment protocols, therapies 
for TETs were diverse. Postoperative radiotherapy was 
used irrespective of stage and resection status in 57% 
of thymomas, but in only 31% of TCs (P=0.0006). 
By contrast, neoadjuvant protocols (with or without 
subsequent adjuvant therapy) were only applied in patients 

with B1 (2/18), B2 (2/46) and B3 (2/33) thymomas and 
TCs (8/58). 

Follow-up in terms of relapses, metastasis and survival

No patient with A or AB thymoma died of tumor, 1 AB 
thymoma patient showed relapse. Among 18 B1 thymoma 
patients, 7 showed relapse or metastasis (39%) and 1 
died of tumor. Fourteen of 46 B2 thymomas relapsed 
or metastasized (30%) and 10 (22%) were the cause of 
death. Among 33 B3 thymomas, 11 (33%) relapsed or 
metastasized and 4 (12%) caused death. Relapse/metastasis 
(67%) and tumor-related death rates (62%) were highest 
in TC patients. The association between progression 
and histological subtype as well as between outcome and 
histotype are highly significant (each P<0.0001). Tumor-
related death was most common in advanced stage (Masaoka 
III or IV) TETs and B2, B3 thymoma and TC.

Detailed survival analysis

Survival and histology
The 5-year OS of patients with A, AB, B1, B2, B3 
thymomas and TCs were 100%, 100%, 94%, 80%, 94%, 
and 45% respectively. In order to assess PFS, data of only 
217 patients was available because of 24 missing values 
regarding PFS. Thus, the 5-year PFS were 100%, 96%, 
78%, 80%, 78% and 39% (Figure 1). OS and PFS were 
significantly different between thymoma and TC patients 
(each P<0.0001). By contrast, neither the differences in OS 
nor PFS, were significant between B1, B2 and B3 thymoma 
patients (P=0.3161 and P=0.4872, respectively). Also, PFS 
of A and AB thymoma patients showed no significant 
differences (P=0.4825 and P=0.4158).

Survival and Masaoka stage
The 5-year OS of Masaoka stage I, II, III and IV patients 
were 96%; 89%; 59% and 50%, respectively (P<00001). 
The 5-year PFS of patients with Masaoka stage I, II, III and 
IV were 95%; 76%; 64% and 27%, respectively (P<0.0001) 
(Figure 2). 

Survival and resection status
The 5-year OS of patients with complete and incomplete 
resection were 87% and 46%, respectively (P<0.0001). 
The 5-year PFS of patients with complete and incomplete 
resection were 85% and 42%, respectively (P<0.0001) 
(Figure 3). 
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Figure 2 PFS by Masaoka stage. Total number of cases was 241 
(stage I, n=115; stage II, n=38; stage III, n=74; stage IV, n=14). 
PFS, progression free survival.

Figure 1 PFS by thymoma subgroup. The total number of cases 
was 241 (A, n=12; AB, n=74; B1, n=18; B2, n=46; B3, n=33; TCs, 
n=58). PFS, progression free survival.
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Table 2 Comparison of a previous and more recent (“current”) cohort of patients with thymomas (WHO type A–B3) and TC treated in 
the SCH

Histotype
Type A (%) Type AB (%) Type B1 (%) Type B2 (%) Type B3 (%) TC (%)

P. C. P. C. P. C. P. C. P. C. P. C. 

Frequency of subtype 4 5 34 31 9 7 20 19 14 14 19# 24#

Stage III + IV 12 8 4 3 18 0 59# 37# 59 67 83 80

RO resection NA 92 NA 99 NA 94 NA NA NA 88 NA 60#

MG+ 25 8 8# 19# 18 11 38 43 30 21 3 2

(Neo-)adjuvant therapy* 43# 75# 43# 66# 43# 72# 25# 78# 25# 97# 25# 90#

5-year OS 100 100 100 100 94 94 75# 84# 70# 90# 48 48

P. C.: previous [1969–1996] (8) compared to current cohort [1997–2004]. *, in the previous study (8) patients received only adjuvant 

therapies (radiotherapy, chemotherapy or radiochemotherapy) and only average frequencies of adjuvant therapies were reported: 

43% for the group of A, AB and B1 thymomas, 25% for B2 and B3 thymomas and TC. #, percentages indicate (I) significant (P<0.05) 

differences between the previous and current cohorts; and (II) the significant difference between the resection status of current 

TCs and current thymomas. NA, data not available in ref. (8). TCs, thymic carcinomas; SCH, Shanghai Chest Hospital; MG, 

myasthenia gravis; OS, overall survival.

Univariate and multivariate analysis of risk factors in 
terms of survival
By univariate analysis using Log-rank tests, gender 
(P=0.0413), tumor size (P=0.0003), MG status (P=0.0518), 
histotype (P<0.0001), Masaoka stage (P<0.0001), resection 
status (P<0.0001) and treatment (P<0.0001) were associated 
with OS, while age was not (P=0.7801). Female gender, 
small tumor size and presence of MG were favorable 

prognostic markers. Patients who received postoperative 
chemotherapy, radiotherapy combined with chemotherapy 
or neoadjuvant treatment had better OS than patients 
without postoperative intervention or surgery followed only 
by radiotherapy. 

Multivariate Cox regression analysis showed only 
histotype, Masaoka stage and treatment (each P<0.0001) 
were independent prognostic indicators of OS after 
adjustment for gender, age, tumor size, MG status 
and resection status. OS of patients with postoperative 
chemotherapy (either with or without neoadjuvant 
treatment) was significantly better than OS of patient who 
received radiotherapy after surgery (P=0.0003). 

The comparison of some clinicopathological data of two 
different periods [previous, 1969–1996 (8) vs. current cohort, 
1997–2004] in the same institution was listed in Table 2.  
We could conclude epidemiological and pathological 
findings were almost unchanged, as was the poor prognosis 
of patients with TC. By contrast, 5-year OS of B2 and B3 
thymoma patients improved substantially.

Discussion

In 2002, colleagues of SCH reported 200 patients with 
TETs treated between 1969 and 1996 (8). To address 
whether characteristics and survival of TET patients 
changed since then, we studied a consecutive, non-
overlapping cohort of 241 patients with thymoma and TC 
treated in SCH between 1997 and 2004.
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Figure 3 PFS of A, AB, B1, B2 and B3 thymomas and TCs 
by resection status. Total number of cases was 241 (complete 
resection: n=206; incomplete resection: n=35). PFS, progression 
free survival; TCs, thymic carcinomas.
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Spectrum of thymic epithelial tumors (TETs)

Unlike some reports which found type A and B1 thymomas 
were highly prevalent (3,10), WHO AB, B2, B3 thymomas 
and TCs were the predominant tumors in the current and 
previous study from SCH (8) as well as in most other series 
(9,11-13). This is at variance with other. 

Gender distribution 

Male predominance among TC patients (P=0.00) was also 
found by the previous study from SCH (8) and most other 
series (14). The thymoma subtypes in the current and 
previous study from SCH (8) and elsewhere (9) showed no 
gender difference.

Myasthenia gravis (MG) association 

The difference in prevalence of MG in series from different 
centers likely reflects recruitment bias. Since SCH is a 
specialized hospital and do not have a neurology department, 
prevalence of MG among TET patients has been low in the 
previous (15%) (8) and current series (18.7%). Nevertheless, 
the higher prevalence of MG in type B2 and B3 compared 
with other subtypes echoes findings from virtually all other 
published series (8,9,13-15). Presence of MG was associated 
with better survival in univariate analysis. This result is 
opposite to that of the previous SCH cohort (8) but similar 
to that of Strobel (13). Improved diagnosis and management 
of MG during recent decades and earlier detection of MG+ 
thymomas might have contributed to this effect (13).

Histotype and tumor stage 

The majority of patients with A and AB thymomas were 
in Masaoka stage I or II, while Masaoka stages III and IV 
were seen mainly in B2 and B3 thymomas and TCs. This 
association was observed by most researchers previously 
(8,10-18). Stage III and IV TC were as frequent in the 
current (80%) as in the historical cohort (83%) (8), 
ruling out the potential selection bias and assuring the 
consistently poor prognosis of TC. By contrast, there were 
more stage I (50%) and less stage III (28%) B2 thymomas 
in the current series than the historical cohort (stage I: 
28% and III: 49%) (8) suggesting earlier tumor detection. 
The latter could be due to the particularly high association 
of B2 thymoma with MG which might have led to earlier 
detection of the disease (13). 

Survival related parameters

Histotype and survival 
Like many previous studies, we observed an association 
between histological subtype and survival (6,8,14,16,19). The 
well-known (8,13) excellent prognosis of A and AB thymomas 
was confirmed. Nevertheless, they should be considered as 
tumors of low malignant potential, since lethal A and AB 
thymomas have been reported (6,7,11,17,18,20). OS was 
significantly better in thymomas than TCs, while differences 
between B1, B2 and B3 thymomas were not significant. The 
latter finding is different from that of the previous study 
from the SCH (8). Furthermore, OS of recent B2 and B3 
thymoma patients was better (80% and 94%, respectively) 
than that of their historic counterparts (75% and 70%, 
respectively) (8,21). Both observations could be related to 
the higher number of low stage B2 thymomas in the recent 
cohort and broader use of (neo-)adjuvant therapies in B2 
and B3 thymomas (see below). B2, B3 thymomas and TCs 
were clearly malignant, while B1 thymomas behaved in an 
intermediate way between type A/AB and B2/B3 thymomas. 

Tumor stage and survival 
As in most literature (10,12,14,16-18,22), OS of previous 
(8,21) and current patients with stage III and IV disease was 
significantly worse than OS of patients with stage I disease, 
while there was no significant difference between stage I 
and II and between stage III and IV tumors. Among stage 
I and II tumors, OS of TCs was significantly worse than 
that of thymomas, while there was no difference among 
thymoma subtypes. Among stage III and IV tumors, OS of 
B3 thymoma patients was still better than of TC.

Similar to the previous series (8), OS of current B2 
thymoma patients was different in lower-stage (I, II;  
1 of 29 patients died) and advanced stage tumors (III, IV; 
9 of 17 patients died) (P=0.00). By contrast, and against 
a background of improved OS, this difference was not 
significant in current B3 thymoma patients (1 of 11 stage 
I/II versus 4 of 22 stage III/IV patients died). OS of TCs 
patients were not associated with tumor stage, however, 
even stage I and II TC patients showed poor outcome. 
This reflected unique biological features of TCs, as already 
suggested by genetic (23,24), immunohistochemical (19) 
and functional studies (25). 

Tumor size and survival
Multivariate analysis suggested that tumor size was not an 
independent prognostic factor for OS. This result appears 
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different from that of Wright et al. (26), who described an 
association between size and recurrence. Tumor diameters 
were not recorded in the previous SCH study (8), therefore 
we do not know whether TETs in the current series were 
detected at a smaller size. Unspecific symptoms or tumor 
markers herald only advanced tumors, while specific markers 
(e.g., autoantibodies) may help identify thymomas but not 
TCs (13,27). 

Resection status and survival 
Resection status was not mentioned in the previous paper (8),  
but reported in subsequent paper (21). Complete resection 
has been reported as prognostic factor of TETs (9,13,16,21) 
as confirmed here by univariate but not multivariate analysis. 
However, when (neo-)adjuvant treatment was omitted 
from the Cox regression analysis, resection status became 
a significant variable (P=0.025), suggesting a correlation 
between positive margins and use of (neo-)adjuvant  
interventions. Complete resection was associated with 
improved OS in patients with B2 and B3 thymomas and 
TCs (P=0.0366; P=0.0863; and P=0.0196, respectively). 
Only after complete was OS of B2 or B3 thymomas 
statistically different from OS of TCs (P<0.0001 and 
P=0.0848, respectively). 

Adjuvant and neoadjuvant treatment and survival
Compared to surgery as the only treatment, postoperative 
combined chemoradiation, adjuvant chemotherapy alone, 
and neoadjuvant approaches but not postoperative radiation 
alone (see below) were associated with improved OS in 
TETs patients. However, the current and historical patients 
with A, AB and B1 thymomas showed almost 100% OS 
irrespective of adjuvant therapies. For unknown reasons, 
adjuvant therapies were used more frequently in current 
than historical A, AB and B1 thymoma patients. In fact, it 
has already been widely accepted that adjuvant therapies 
might be of no benefit in stage I and II thymomas (28). 
Therefore, almost all current A, AB and B1 thymoma 
patients who received adjuvant therapies were apparently 
overtreated. 

The insignificant association between postoperative 
radiotherapy and OS might also be due to the fact that 62 of 
122 patients with postoperative radiotherapy had A, AB and 
B1 thymomas and excellent survival irrespective of adjuvant 
treatment. In the other 60 B2, B3 thymomas or TC patients 
who received radiation, OS was not significantly different 
from OS of the 17 patients treated by surgery alone. But 
it is difficult to reach definite conclusion due to the small 

case number. Prospective clinical trials are needed to define 
the role of adjuvant radiation in stage III thymoma and TC 
patients. 

The significant association between (neo-)adjuvant 
therapies and improved OS was mainly attributable to 
better OS in B2 and B3 thymomas. This finding confirms 
the association between the use of (neo-)adjuvant therapies 
and improved OS of B2, B3 thymoma patients in our 
historical cohort (8). These identical observations in two 
independent cohorts are in line with the finding that 
broader use of (neo-)adjuvant therapy in recent (97%) 
compared to historical (~25%) but otherwise similar B3 
thymomas from the SCH was associated with better OS. 
Similar conclusion in B2 thymomas is less safe, since their 
improved OS was associated not only with intensified 
(neo-)adjuvant therapy but also with more stage I and II 
tumors. The hypothetical favorable effect of (neo-)adjuvant  
therapy would also explain the surprisingly better 5-year 
OS of current B3 (OS 90%) compared to current B2 
thymoma patients (84%): 97% of the former received 
(neo-)adjuvant treatment, compared to 78.2% of the 
latter. Obviously, we cannot exclude that better anesthesia, 
surgery and postoperative care contributed to the better 
outcome of current B2 and B3 thymoma patients. 
However, if these factors were of critical relevance, one 
would expect a similar improvement of OS in the current 
patients with TCs—which was not the case: in spite of 
much broader use of (neo-)adjuvant therapies, the 5-year 
OS of recent TC patients remained at the historical level 
of 48%. Therefore, we cautiously prefer the interpretation 
that recent B3 (and maybe B2) thymoma patients profited 
from the broader use of (neo-)adjuvant approaches, while 
there was no benefit for TC patients. Consequently, 
the effect of (neo-)adjuvant therapies in stage III and 
IV thymomas needs to be confirmed by prospective 
randomized trials. Considering the poor effects of 
intensified adjuvant treatments and infrequent use of neo-
adjuvant therapies in the current (14%) and historical (0%) 
cohorts, neo-adjuvant or other innovative approach (e.g., 
target therapy) may be more preferable in TC patients.

In summary, we found that prognosis of stage III and IV, 
B2 and B3 thymomas at a single institution improved during 
the last decade, in parallel with the broader use of adjuvant 
chemotherapy or combined chemo-radiation. By contrast, 
the poor outcome in TCs remained unaltered in spite of the 
same broader use of adjuvant therapies, suggesting that neo-
adjuvant and innovative strategies should be tested in these 
patients. 
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