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Introduction

Primary tumors of the thymus are infrequent, the most 
common histologic type is thymoma, a neoplasm that 
derives from thymic epithelial cells and constitutes the 

most frequent anterior mediastinal tumor in adults (1). The 
etiology of this tumor remains unknown, and due to its 
rarity, most research of thymoma have been based on single 
center reports. There is a peak incidence at 30–40 years 
of age for thymomas with myasthenia gravis (MG), and 
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another peak around 60–70 years of age for those without 
MG. Women and men are affected with the same frequency. 
One third of patients are asymptomatic and will be referred 
due an incidental mediastinal mass on chest images, almost 
one third of thymoma patients will present MG and another 
third part will have local symptoms (2). Based on data of 
the Surveillance, Epidemiology, and End Results (SEER) 
database, thymomas in the United States show an incidence 
of 0.13 per 100,000 persons-years, this represents an 
estimate of just 390 cases per year in the whole country (3).  
There is no available data to estimate the incidence of this 
neoplasm in México. Thymomas comprise a spectrum of 
unique tumors with low to moderate malignant potential, 
according to the World Health Organization (WHO), 
thymomas are subdivided into types A, AB, B1, B2, B3 and 
C (1). These tumors have been associated with an indolent 
clinical course, nevertheless, all thymomas are malignant 
neoplasm, and have the ability to recur and to metastasize. 
Furthermore, the analysis of disease recurrence and overall 
survival (OS) can be challenging because of the long (nearly 
10-year) disease-free intervals seen after thymectomy for 
thymomas (4).

The main objective of multi-modal treatment of 
thymomas should be complete surgical resection. Prognosis 
depends essentially on anatomical extent of tumor and the 
completeness of surgical resection (5). Large tumor size is 
not directly associated with survival, but is strongly associated 
with high rates of incomplete resections, which has a negative 
impact on the overall prognosis (4). In this work, we report 
our experience with thymomas larger than 5 cm. 

Methods

An observational retrospective cohort study was conducted 
in patients with thymomas of 5 cm or larger, who 
underwent thymectomy from January 2005 to December 
2016 at the Instituto Nacional de Cancerología in México. 
Data were collected from a database. All electronic and 
paper charts were reviewed by the main investigator. The 
study was approved by our Institutional Ethics Committee 
which waived the requirement of an individual patient 
consent because only non-sensible data were used for the 
analysis. 

As institutional criteria on all patients with thymoma, the 
minimal resection is “complete thymectomy”. The limits of 
resection are both phrenic nerves, the inferior pole of the 
thyroid gland and the diaphragm; and should include the 
thymic gland, mediastinal fat and lymph nodes contained 

into the limits. Additionally, on cases in which there are 
firm adhesions to another structures, extended resections 
for an en bloc removal is the rule to provide negative 
margins. Completeness of resection was defined as complete 
resection (R0) when there is no evidence of residual tumor 
(macroscopically and/or microscopically), and incomplete 
resection when there is evidence of microscopically (R1) or 
macroscopically (R2) residual tumor.

Induction therapy is indicated on the tumor board 
session for patients considered as non-resectable by the 
thoracic surgery team, for patients with metastatic pleural 
disease or patients with type C thymoma. Indications for 
adjuvant therapy are based on pathological final report. 
Follow-up was performed after the end of treatment with 
clinical assessment and chest computed tomography (CT) 
every 4 months for the first 2 years, every 6 months for the 
next 3 years and then annually. 

Primary end-points were rate of complete resection, 
morbidity and mortality of thymectomy. Secondary end-
points were OS and disease-free survival (DFS). We report 
descriptive statistics as medians with ranges for continuous 
variables and frequencies and proportions for categorical 
variables. OS and DFS were calculated using the Kaplan-
Meier method. DFS was defined as the time from the date 
of surgery to first recurrence (identified on CT scan). OS 
was defined as the time form surgery date to death from 
disease or last follow-up. Differences between survival 
curves were analyzed by the Log-rank test. We used Cox-
proportional hazard regression models for multivariate 
analysis. Hazard ratios and 95% confidence intervals were 
estimated. Two-sided tests were applied and results were 
considered statistically significant if the P value was less 
than 0.05; SPSS v.22.0 software (SPSS Inc., Chicago, IL, 
USA) was used to perform the analysis.

Results

Pre-operative data

Twenty-five patients were identified and included in the 
final analysis, 15 (60%) were female. The mean age was 
56.6 years (27–82 years). Thirteen patients (52%) did not 
present paraneoplastic syndrome. Median size of thymoma 
was 8.3 cm (5–14 cm). Three patients (12%) underwent 
induction treatment with chemotherapy; two cases of WHO 
C thymoma and one of B3 thymoma. In all cases, there was 
no certainty of resectability due to large size and invasion 
to neighborhood structures. Detailed demographic and 
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preoperative characteristics of patients are shown in Table 1. 

Peri-operative data

Transesternal approach was used in 72% of cases, and most 
patients (68%) required the removal of additional structures 
to achieve negative margins. Detailed data about surgical 
procedures are shown in Table 2.

Median operative time was 197.5 min (88.0–480 min). 

Median blood loss was 386.6 mL (15–2,000 mL). 
Postoperative stay on intensive care unit (ICU) was required 
in 5 cases (20%), with a median stay on ICU of 1.4 days  
(1–12 days) .  Median length of  s tay was  6.4 days  
(3–18 days). A 90-day morbidity of 24% was reported: 
2 cases (8%) with pulmonary embolism, 1 case (4%) of 
respiratory insufficiency, 1 case with prolonged air-leak 
(4%), 1 case (4%) with superficial surgical site infection and 
1 case (4%) with deep vein thrombosis. A 90-day mortality 
of 2 cases (8%) was reported (one patient died from massive 
pulmonary embolism on postoperative day 4; and one patient 
died of respiratory insufficiency on postoperative day 7).

Based on pathological report, 13 cases (52%) required 
no adjuvant treatment. Postoperative radiotherapy (PORT) 
was indicated in 8 cases (32%), all of these cases were 
Masaoka stage IIB and III. Postoperative chemotherapy was 
indicated in 7 cases (28%) of IVA thymoma. In 2 patients 
(8%) with unresectable disease, postoperative concomitant 
QT/RT was indicated. Of the 12 cases with preoperative 
paraneoplastic syndrome, a complete remission was 
achieved in 9 (75%). Detailed pathological results are 
shown in Table 3.

Table 1 Preoperative characteristics of patients

Characteristics N (%)

Gender

Female 15 (60.0)

Male 10 (40.0)

Paraneoplastic syndrome

None 13 (52.0)

Myastenia gravis 9 (36.0)

Pure red cell aplasia 2 (8.0)

Good’s syndrome 1 (4.0)

First treatment 

Thymectomy 22 (88.0)

Chemotherapy 3 (12.0)

Table 2 Surgical variables

Characteristics N (%)

Surgical approach

Transesternal 18 (72.0)

Posterolateral thoracotomy 4 (16.0)

VATS 3 (12.0)

Extent of resections

Only thymectomy 8 (32.0)

Thymectomy + lung wedge resection 7 (28.0)

Thymectomy + mediastinal pleural + 
pericardium

5 (20.0)

Thymectomy + lung lobectomy 3 (12.0)

Thymectomy + pneumonectomy 1 (4.0)

Thymectomy + pericardium 1 (4.0)

VATS, video-assisted thoracic surgery.

Table 3 Pathological variables

Characteristics N (%)

Completeness of resection

No residual disease (R0) 23 (92.0)

Residual disease (R1, R2) 2 (8.0)

WHO classification

A 2 (8.0)

AB 9 (36.0)

B1 2 (8.0)

B2 6 (24.0)

B3 4 (16.0)

C 2 (8.0)

Masaoka-Koga pathological stage

I 8 (32.0)

IIA 2 (8.0)

IIB 5 (20.0)

III 3 (12.0)

IVA 7 (28.0)

WHO, World Health Organization.
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A complete resection was achieved on 23 cases (92%). 
On univariate analysis, factors like tumor size, Masaoka-
Koga stage or WHO histologic classification were not 
statistically associated with resectability.

Survival analysis

For survival analysis, and due to small sample size patients 
were grouped according to Masaoka-Koga stage as follows: 
Group 1, stages I and II; Group 2, stage III and Group 3, 
stage IV. The 1-, 3- and 5-year OS for Group 1 was 85% 
for the three time points; for Group 2 was 100% for the 
three time points; for Group 3 was 57%, 19% and 19% 
respectively. On a similar way, patients were grouped 
according to histology as follows: WHO A, WHO AB, 
WHO B and WHO C. The 1-, 3- and 5-year OS for WHO 
A was 100% for the three time points; for WHO AB was 
88% for the three time points; WHO B was 78% for the 
three time points; finally, for WHO C was 0%. Only 3 
patients had a recurrence (1 case of loco-regional recurrence 
and 2 cases of pleural metastases). The median follow-up is 
34.5 months (1–113 months), median OS and median DFS 
has not been reached. On univariate analysis the only factor 
associated with OS was completeness of resection (P<0.0001) 
(Figure 1). Due to small simple size. Multi-variate analysis 
was not feasible.

Discussion

The goal for every thymoma surgery is to obtain clear 
margins and this requires an aggressive surgical approach 
for large size tumors. This implies removal of the tumor 
along with any adjacent tissues that appear to be invaded 
by thymoma. Completeness of resection is probably the 
most important prognostic factor as is associated with a 
better survival and a lower recurrence rate in all series. 
Although controversy about the need of complete thymus 
resection has arisen recently (6), the International Thymic 
Malignancies Interest Group (ITMIG) policies (7)  
recommends en bloc resection of thymoma including 
complete thymectomy, plus the surrounding mediastinal 
fat along with any adjacent structures that may be involved, 
due to the possibility of invisible invasion of the tumor. 
Likewise, this has been our institutional policy for all 
thymectomies (Figure 2).

The Masaoka staging system, further modified by Koga 
et al., has been the most widely used; however, and due to 
its limitations the ITMIG and the International Association 

for the Study of Lung Cancer (IASLC) proposed a new 
stage system based on the Masaoka-Koga system, but 
using the TNM components (8). Masaoka-Koga stage has 
been shown as an independent prognostic factor on most 
studies. Stages I and II are associated with lower recurrence 
rates and better OS than stages III and IV (9). A Chinese 
database including 1,198 patients classified according to 
IASLC/ITMIG showed a lower recurrence rate for patients 
with stage I, compared with stages II and IIIa, interestingly, 
there were no differences between stages II and IIIa. For 
stages I and II, OS was similar and there were no differences 
between stages II and IIIa. When compared with stage 
IIIb, OS was significantly better for stage IIIa tumors. The 
worst OS was shown by the stage IVb patients, however, 
there were no significant differences on OS between 
stages IIIb and IVa or between stage IVa and IVb (10).  
On a German cohort using the IASLC/ITMIG stage 
system, the 5-year OS was 73% for all cases, for stage III 
was 54%, for stage IV was 70%. The 5-year recurrence-free 
survival was 66% for all cases, for stages I and II was 86%, 
for stage III 55% and for stage IV 56%. On multivariate 
analysis, only the stage according to IASLC/ITMIG criteria 
was associated with OS (P=0.03) (11). Some case series 
have shown that WHO histology is associated with survival 
as there is an increasingly higher proportion of higher 
stage disease moving from A to B3 cases. Nevertheless, 
the WHO classification has been criticized for poor inter-
observer reproducibility and inconsistencies in the routine 
diagnosis (12). The ITMIG achieved a consensus to refine 
histological criteria, improve definition and introduce new 
terms to improve inter-observer reproducibility (13). WHO 
typification is strongly associated with recurrence rate, in 
a retrospective review of the ITMIG database, the 5-year 
recurrence rate was as follows: type A 4%, type AB 2%, type 
B1 8%, type B2 13% and type B3 14%. In the multivariate 
analysis, when adjusted to stage, age and resection status, 
WHO categories were significantly associated with 
recurrence rate only with stages I and II, but it was not 
associated with OS (14). Advanced Masaoka-Koga stages 
such as III and IVa usually invade the mediastinal pleura, 
pericardium, lungs or great vessels. That tumors have 
been associated with a higher proportion of incomplete 
resections, higher recurrence rates and an overall worse 
prognosis (15).

In a report from the Massachusetts General Hospital, 
the invasion to other structures was statistically associated 
on univariate analysis with the risk of recurrence and death. 
Similarly, tumor size was associated with stage and complete 
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resection. Interestingly, increasing size was associated with 
recurrences and death. Tumors of 8 cm or larger were more 
prone to be Masaoka stage III or IV, and more likely to be 
WHO B1 and higher. On multivariate analysis, Masaoka 
stage and size were independent factors associated with 
recurrence (16). In another series, size of thymoma has 
not been directly associated with survival, but it has been 
associated with the ability to achieve a complete resection 

and recurrence (17). In the cohort reported by Safieddine 
and colleagues on 262 surgically resected cases, patients 
with thymomas larger than 7.0 cm were associated with an 
increased risk of recurrence on multivariate analysis (HR 
1.2, 95% CI, 1.01–1.43, P=0.04) (18). On the other hand, in 
a retrospective analysis of the ITMIG database, size was not 
predictive of R0 resection (19). 

Some studies suggest that neo-adjuvant treatment for 

Figure 1 Kaplan-Meier curves. (A) Overall survival (OS); (B) disease-free survival (DFS); (C) OS on complete (R0) vs. incomplete (R2) 
resections.
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advanced tumors (specially Masaoka-Koga stage III) could 
improve rates of complete resection, and consequently 
improve survival  (20,21).  Preoperative computed 
tomography (CT) imaging has been shown to be useful 
to identify advanced tumors (22). Factors as large size 
thymoma, lobulated tumor and infiltration to surrounding 
fat tissue has been associated with stage III Tumors (23,24). 
Positron emission tomography (PET) has been shown 
to have a good correlation between SUVmax and WHO 
histology, with a higher SUVmax on more aggressive 
tumors (25). Furthermore, relation between SUVmax and 
Masaoka stage remains controversial (25,26).

As can be noted, despite the advance in imaging 
techniques, distinguishing a Masaoka-Koga stage II from 
a stage III requires pathological examination on surgical 
specimen as the gold standard. Moreover, determining 
resectability of a thymoma depends not only on imaging 

appearance, as it should take in account factors related 
to the patient, and also depends on the experience of the 
surgeon. Hence, deciding what patient should undergoing 
neoadjuvant treatment remains complicated. In our cohort, 
despite the large size of tumors, only 3 patients received 
neoadjuvant treatment due to uncertainty on complete 
resection as determined by the thoracic surgery team. 
Extended resections on thymomas are associated with good 
perioperative results, in addition to a long DFS and OS (27).  
In a report from Ried and cols. including 22 patients 
with Masaoka stage III and IVa who underwent extended 
resections, intraoperative mortality was 0%, R0 resections 
were achieved in 86%, recurrence was documented in 
22.7% of cases with a median DFS of 30.2 months (28). 
Huang and colleagues reported on 18 patients with Masaoka 
stage IVA treated with a multimodal approach including 
extended resections, all patients received preoperative 

A B

Figure 2 Large size thymoma requiring an extended resection to ensure negative margins. (A) Computed tomography showing an anterior 
mediastinal tumor comprising the ascending aorta and superior cava vein; (B) surgical field after complete thymectomy with en-bloc removal 
of mediastinal pleura and pericardium.
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chemotherapy. There were no intraoperative deaths, 
morbidity was 39%, an R0 resection was achieved in 67%. 
The 5- and 10-year OS was 78% and 65% respectively. 
Median DFS was 95 months (29). 

Overall, reported operative mortality for thymectomy is 
about 2% and morbidity is approximately 20% (2). In our 
cohort we had a morbidity of 24%, which concur to other 
series. Conversely, our mortality is above the average, but 
our population was composed mainly of large and locally 
advanced tumors, which implies more complex procedures 
and prolonged operative times. The size ranged from 5 to 
14 cm, with a majority of advanced tumors and on 68% 
of cases the removal of at least one additional structure to 
complete an en bloc resection was required; regardless of 
this, a complete resection rate of 92% was achieved, which 
is very encouraging (Figure 3).

As every retrospective cohort, the present study its 
limited by its design. Also, the small number of patients 
and being a single institution report limits the strength 
of our findings. However, thymomas are a rare disease 
and randomized trials have not been conducted and most 
of evidence comes from institutional reports. We are a 
national reference cancer center in México and usually the 
most challenging thymic tumors are referred to our clinic. 

Moreover, to our knowledge, there are very few cohorts 
that include the number of giant thymomas as in our report. 

Conclusions

Size of  thymomas should not be considered as  a 
contraindication for surgical treatment. Large size 
thymomas are associated with advanced Masaoka stage 
requiring extended resections, but according to our data 
surgery is feasible, even in advanced cases and provides the 
best chance for cure. En bloc removal must be the goal in 
every thymoma surgery as it guarantees a high proportion 
of R0 resections. Complete resection remains as one of 
the most important prognostic factor in thymomas and is 
associated with prolonged DFS and OS. 
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