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Background: Thymoma is a rare mediastinal neoplasia. Surgery is the backbone of the treatment, but the 
role of postoperative radiotherapy (PORT) remains controversial. We aimed to obtain data on survival and 
safety in patients treated with PORT in three different Italian institutions.
Methods: We retrospectively analyzed 183 consecutive patients who underwent surgery from 1981 to 2015. 
According to the Masaoka-Koga staging system, 39.3%, 32.7%, 18.6% and 9.8% patients were in stage I, II, 
III and IV of disease, respectively. PORT was indicated in 114 patients (62.3%), while 69 subjects underwent 
surgery alone. Complete resection was obtained in 68 patients who underwent PORT. Adverse events (AEs) 
were graded according to CTCAE v4.0. We analyzed the recent literature to describe the current reports on 
PORT for resected thymoma.
Results: Mean follow-up was 130 months (range, 3–417 months). Overall survival (OS) at 1-, 5- and 10-year 
from surgery was 98.3%, 90.2% and 69.7% respectively. One-, 5- and 10-year disease specific survival (DSS) 
was 98.9%, 92.3% and 89.8% respectively. Disease free survival (DFS) at 1, 5 and 10 years from surgery was 
96.7%, 88.3% and 82.8% respectively. Univariate analysis showed that complete resection, cell histology 
A-AB-B1 and stages I–II were significant predictors of better DSS and DFS. Multivariate analysis showed 
that sex, R0 margins and WHO histology was independent prognostic factors. Among patients treated with 
PORT, a trend towards better OS was evident with Masaoka stage I–II (P=0.09). Patients with R0 margins 
treated with PORT showed better OS and DSS (P=0.05). No differences in DSS for performance status 
(P=0.70), WHO histology (P=0.19), paraneoplastic syndrome (P=0.23) and surgical procedure (P=0.53) were 
evident. Patients treated with PORT had a higher level of acute AEs compared to surgery alone, but none of 
these was graded ≥3.
Conclusions: Our results confirmed that patients with incompletely resected thymoma had the worst 
OS and DSS. High grade acute toxicity was not different between PORT and surgery alone. Other trials 
reported a significant benefit in OS, DSS and DFS in stage IIb–IV thymoma treated with PORT. 
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Introduction

Thymic epithelial tumors represent a heterogeneous group 
of rare thoracic cancers, with an annual incidence ranging 
from 1.3 to 3.2 per million (1). Thymoma is the most 
common primary neoplasm of the anterior mediastinum. 
The etiology of thymomas is unknown. Mean age at 
diagnosis is 40–70 years (2). According to the World Health 
Organization (WHO) histopathological classification, 
thymomas are distinguished in different types: A, AB, B1, 
B2, B3 (3,4).

Thymoma is characterized by an indolent growth 
pattern. Nevertheless, local invasion, pleural dissemination, 
and metastases can occur (5). The most important 
determinants of long-term survival in thymoma are the 
Masaoka stage, completeness of resection, and histologic 
classification (6-9).

Most of the patients are asymptomatic, but symptoms 
could be chest pain, cough, or dyspnea. Autoimmune 
disorders like myasthenia gravis affect about one-third of 
patients with thymoma (10). Other syndromes more often 
associated with thymoma are pure red cell aplasia (5%) and 
Good’s syndrome (5%) (11,12).

Complete surgical resection is the backbone in the 
treatment of early stage and locally advanced thymoma, 
and the extent of resection is an independent prognostic 
factor of improved survival (13,14). Recurrence rates 
after surgery are 10%, 30% and 60% in Masaoka-Koga 
I/II, stage III and stage IV thymoma, respectively (15).  
Stage, completeness of resection [microscopic negative 
margin  (R0) ,  microscopic  pos i t ive  margin  (R1) , 
macroscopic positive margin (R2)] and histology are key 
prognostic criteria, even if the histologic subtype is less 
important than stage and the extent of resection (16-19).  
These factors guide the decision whether to perform 
postoperative radiotherapy (PORT) or not. Radiotherapy 
after surgery should be performed within at least 3 months 
from surgery. Generally, PORT is strongly recommended 
for incompletely resected thymomas (20,21). Radiotherapy 
must be delivered based on a 3D conformal technique 
or intensity-modulated radiotherapy (IMRT) directed 
to the tumor bed (Figure 1). The clinical target volume 
(CTV) should include the whole thymic space, the 

tumor and its extensions in the anterior, superior and 
middle mediastinum. Involved nodes and the resected 
pleural implant can be included in the treated volumes  
(Figure 2) (22). Extensive elective nodal irradiation 
is no longer recommended, because metastasis to 
regional lymph nodes are uncommon (23,24). A recent 
retrospective evaluation avoids this recommendation (25). 
The fractionated total dose after a R0 resection should be 
of 45–50 Gy, with a daily dose of 1.8–2 Gy over a 4- to 
6-week period. Doses of 50–54 Gy can be applied after a 
R1 resection, with a boost dose to areas of likely residual 
disease. The unresectable disease requires a total dose of 
60 to 70 Gy.

With the present study, we aimed to assess the efficacy 
and safety of PORT. Moreover, we want to identify the 
predictive factors on survival after PORT, in order to 
distinguish patients who may benefit more from adjuvant 
radiation treatment. Finally, we reviewed the recent 
literature on the role of PORT in resected thymoma. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-2019-thym-09).

Methods

We retrospectively analyzed a series by three different 
Institutions, University Hospital “Policlinico” of Modena 
(Modena), University and “Spedali Civili” of Brescia 
(Brescia), University Hospital “Careggi” (Florence). The 
study protocol was reviewed and approved by the Ethics 
Committee of the Coordinator Center in Modena.

All thymomas were classified according to both the 
WHO histologic classification (26) and the Masaoka 
clinical staging system (23). Acute and late adverse events 
(AEs) were graded according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.0.

We analyzed selected variables of patients characteristics: 
age, sex, symptoms, ECOG performance status (PS) and 
description of paraneoplastic syndrome (if present). Kind 
of procedure, execution of lymphadenectomy and resected 
radical margins (R0, R1 or R2) were the variables of interest 
for surgery. We also collected data on technique, dose and 
fractionation of radiation therapy. Data on local or distant 
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relapse were evaluated, as well as those collected from the 
last follow up.

All patients underwent surgery with a curative intent 
and radical resection was the aim of surgery. Most 
operations were conducted through a median sternotomy. 
Thymectomy, instead of simple thymomectomy or tumor 
enucleation, was the standard procedure. In patients with 
myasthenia gravis, an extended thymectomy was generally 
performed. Lateral or anterolateral thoracotomy was 
chosen, according to the surgeon’s preference, in case of 
small lateralized tumors in non-myasthenic patients. Video-

assisted thoracoscopic approach was rarely performed, 
according to the surgeon’s preferences and experience, 
in cases of early stage/capsulated thymomas. Mediastinal 
lymph node dissection was not routinely performed. 
Myasthenic patients were routinely admitted to the 
intensive care unit for at least 24 hours, for postoperative 
care. An R0 resection was defined by the absence of tumor 
on the margins of resection, or when lesion microscopically 
involved an area where no further tissue could be resected; 
R1 is defined by resection the permanence of microscopic 
residual tumor cells, while a R2 removal described when 
macroscopic residual tumor occurred after surgery.

Indication to PORT included close or positive margins 
or incompletely resected invasive thymoma. Moreover, 
patients with unfavorable features (advanced Masaoka stage 
at diagnosis, worse WHO cells classification) were generally 
addressed to radiation therapy after surgery.

The follow up schedules were similar in all the 
three institutions. After primary treatment, follow-up 
procedures included CT scan of the thorax and upper 
abdomen every 3–6 months for the first 2 years, then once 
a year for a maximum of 10 years. After the end of the 
follow-up schedule, follow-up continued by telephone 
calls for a clinical update. Patients who interrupted follow-
up and did not answer the phone calls were considered lost 
to follow-up.

Figure 2 Treatment planning for Masaoka stage III thymoma. 
Pink area encompasses the planned target volume (PTV).

Figure 1 IMRT plan for Masaoka stage III thymoma. IMRT, intensity-modulated radiotherapy.
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Statistical analysis

Descriptive data were expressed in terms of frequency, 
mean and standard deviation. Frequencies were compared 
using the χ2-test or Fischer’s exact test for categorical 
variables. Continuous variables were compared using the 
t-test. All the variables were compared to each other in a 
univariate analysis to find associations. Multivariate analysis 
of survival was performed using Cox regression model 
and hazard ratios (HR) with 95% confidence interval (CI) 
were calculated. Survival curves were calculated according 
to the Kaplan-Meier method and comparisons were 
performed using the log-rank test. OS, DSS and DFS were 
investigated. Continuous variables were dichotomized to 
estimate odds ratios (OR) when needed and to include 
them in the multivariate analysis; the median value of the 
whole population was used as the cut-off value. Variables 
with more than two categories were converted in binomial 
variables, in order to achieve more reliable results in 
the univariate analysis and to perform the multivariate 
analysis. ECOG performance status 1 and 2 were grouped. 
Regarding WHO cell type, two different binomial variables 
were created for the analysis: A + AB + B1 versus B2 + B3 
+ C and A + AB versus B1 + B2 + B3 + C. Also regarding 
Masaoka staging, two different binomial variables were 
created: stage I + II versus stage III + IV and stage I versus 
stage II + III + IV.

A value of P<0.05 was considered significant.
All analyses were performed using SPSS 25.0 statistical 

software (SPSS Inc., Chicago, IL, USA).

Results

From 1981 to 2015, 183 consecutive patients underwent 
surgery for diagnosis of thymoma. Table 1 shows the clinical 
and pathological characteristics of the whole population. 
A very small number of patients underwent induction or 
adjuvant chemotherapy, therefore these variables were not 
included in the statistical analysis.

Patients

Median age was 58.5 (range, 24–81) years. Paraneoplastic 
syndrome was present in 67 patients (59.2%), 63 of whom 
had myasthenia gravis. According to the Masaoka-Koga 
staging system, 72 patients were (39.3%) in stage I, 59 
patients (32,5%) in stage II, 34 patients in stage III patients 
(18,5%) and 18 in stage IV (9.7%). At the univariate 

analysis, patients with advanced Masaoka stage presented 
poorer PS (P=0.021, OR 2.12, 95% CI: 1.11–4.09). Patients 
suffering from paraneoplastic syndrome had poorer 
PS (P<0.001, OR 3.04, 95% CI: 1.62–5.72), had more 
aggressive WHO type tumors (P<0.001, OR 3.84, 95% 
CI: 1.82–8.09) and more advanced Masaoka stage tumors 
(P=0.015, OR 2.20, 95% CI: 1.15–4.19). Symptomatic 
patients presented a poorer PS compared to asymptomatic 
patients (P<0.001, OR 6.35, 95% CI: 3.25–12.35). There 
was a strong correlation between WHO cell type and 
Masaoka staging: tumors presenting with aggressive WHO 
cell type (B2 + B3 + C) were found to have a more advanced 
stage (II–IV) (P<0.001, OR 8.82, 95% CI: 3.95–19.70). 
Twelve patients with type A tumor (57%) were in stage I, 
while only 2 (9.5%) were in stage IV.

Surgery

Median sternotomy was the most common surgical 
procedure (n=137, 74,9%). Surgery resulted in complete 
resection in 133 patients (72.7%), whereas microscopic 
persistence of disease (R1) was present in 29 patients (15.8%) 
and a macroscopic persistence in 21 patients (11.5%). The 
overall univariate analysis showed the following significant 
associations among variables. Compared with younger 
patients, older ones were diagnosed with poorer PS (mean 
age 56.4 versus 62.0 years for PS 0 and 1+2 patients, 
respectively; P=0.008), and more frequently underwent 
thoracotomy (mean age 62.5 versus 57.2 for patients who 
underwent thoracotomy and sternotomy, respectively; 
P=0.013). Moreover, older patients had less aggressive 
WHO type tumors (mean age 62.4 versus 54.4 for WHO A 
+ AB + B1 and B2 + B3 + C respectively, P<0.001). Patients 
suffering from paraneoplastic syndrome more frequently 
underwent median sternotomy (P=0.012, OR 2.64, 95% CI: 
1.21–5.75). Incomplete resection occurred more often in 
patients with advanced Masaoka stage compared to patients 
with early stage tumors (P<0.001, OR 4.87, 95% CI: 2.12–
11.15). No relationship was found between WHO cell type 
and completeness of resection.

PORT

PORT was delivered in 114 patients (62.3%), while the 
remaining 69 subjects underwent surgery alone. Among 
the 114 patients undergoing radiation therapy, 25% (n=28) 
were in stage I, 36% (n=41) in stage II, 26% (n=29) in stage 
III, and 13% (n=15) in stage IV. Complete resection was 
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Table 1 Characteristics of the whole population (183 patients) 

Variable n (%)

Institution

Brescia 103 (56.3)

Firenze 30 (16.4)

Modena 50 (27.3)

Sex

Male 92 (50.3)

Female 91 (49.7)

Age (years) 58.5 [24–81]

Symptoms

Yes 81 (44.3)

No 102 (55.7)

ECOG performance status

0 116 (63.4)

1 62 (33.9)

2 5 (2.7)

Paraneoplastic syndrome

Yes 67 (36.6)

No 116 (63.4)

Type of paraneoplastic syndrome

Myasthenia gravis 63 (94.0)

Others 4 (6.0)

NACT

Yes 4 (2.2)

No 179 (97.8)

Surgical approach

Median sternotomy 137 (74.9)

Thoracotomy 39 (21.3)

VATS 7 (3.8)

Radicality

R0 133 (72.7)

R1 29 (15.8)

R2 21 (11.5)

WHO classification

A 21 (11.5)

AB 39 (21.3)

Table 1 (continued)

Table 1 (continued)

Variable n (%)

B1 34 (18.6)

B2 39 (21.3)

B3 44 (24.0)

C 6 (3.3)

Masaoka-Koga classification

I 72 (39.3)

II 59 (32.3)

III 34 (18.6)

IV 18 (9.8)

ACT

Yes 10 (5.5)

No 173 (94.5)

PORT

Yes 113 (61.7)

No 70 (38.3)

Dose (Gray) 53.4 [40.2–66]

PORT acute toxicity

Yes 46 (40.4)

No 68 (59.6)

PORT late toxicity

Yes 23 (20.2)

No 91 (79.8)

Data are shown as n (% or range). NACT, neo-adjuvant 
chemotherapy;  ACT,  adjuvant  chemotherapy;  PORT, 
postoperative radiation therapy.

obtained in 68 patients, while the remaining 45 had positive 
margins.

WHO classification for these patients was A, AB, B1, 
B2, B3, C in 6, 20, 21, 27, 34 and 6 patients, respectively. 
Radiotherapy was delivered with a total dose ranging 
between 40 and 66 Gy using conventional fractionation 
(1.8–2 Gy, daily), based on the state of surgical margins. 
The PTV encompassed the mediastinal surgical bed 
with the inclusion of all surgical clips and a boost dose 
was delivered on the macroscopic disease, if present. 
Radiation therapy was administered with 2D technique in 
35 patients, while 66 patients were treated with 3D-CRT. 
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The remaining 12 patients were treated with VMAT (n=10) 
and IMRT (n=2). At the univariate analysis, patients with 
incomplete resection more frequently underwent PORT 
(P<0.001, OR 10.99, 95% CI: 3.74–32.26) and were treated 
with a higher dose of radiation (mean dose 55.7 versus 51.9 
respectively, P<0.001) compared to patients who obtained a 
complete resection. PORT was more frequently performed 
in patients with aggressive WHO cell type tumors (P<0.001, 
OR 3.28, 95% CI: 1.72–6.25) and with advanced Masaoka 
stage (P<0.001, OR 4.84, 95% CI: 2.54–9.23). Finally, 

patients who had suffered from acute PORT toxicity had 
a higher risk to develop late toxicity than patients who did 
not (P=0.025, OR 2.86, 95% CI: 1.11–7.35).

Survival

Mean follow-up was 130 months (standard deviation 82, 
range 3–417 months). At the end of follow-up, 98 (53.6%) 
patients were alive without evidence of disease, 7 (3.8%) 
were alive with recurrence, 21 (11.5%) were dead with 
recurrence and 57 (31.1%) were dead for causes other than 
the tumor. The first site of recurrence was loco-regional 
in 10 patients (36%), distant in 14 patients (50%) and both 
loco-regional and distant in 4 patients (14%). OS of the 
whole population at 3, 5 and 10 years from surgery was 
95.6%, 90.2% and 69.7% respectively; median OS time 
was 199.9 months. Three-, 5- and 10-year DSS was 97.8%, 
92.3% and 89.8% respectively. DFS at 3, 5 and 10 years 
from surgery was 93.3%, 88.3% and 82.8% respectively 
(Figures 3-5).

When treated with PORT, a trend towards a better 
OS was evident for patients in Masaoka stage I–II versus 
patients in stage III–IV (P=0.09). Complete resection 
resulted in a better OS upon positive margins (R1 and 
R2) when PORT was delivered (P=0.05). However, after 
radiation therapy, patients with completely resected 
disease had a better DSS compared to R1/R2 (P=0.04)  
(Figure 6). We found a significant difference on DSS for 
gender, with an advantage for female patients undergoing 
PORT (P=0.03). In terms of DSS no differences for 
PS (P=0.70), WHO histology (P=0.19), paraneoplastic 

Figure 3 Tumor-related survival curves after complete (dashed 
line) and incomplete resection (full line) on whole population. 
Five- and 10-year after R0 resection were 98.5% and 84% 
respectively, while 5- and 10-year after R+ resection were 89.1% 
and 79.6% respectively (P=0.003).
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Figure 4 Comparison between low-grade cell types (WHO A + 
AB + B1—dashed line) and high-grade cell-types (WHO B2 + B3 
+ C—full line). Both 5- and 10-year for A + AB + B1 tumors was 
98.9%, while 5- and 10-year for B2 + B3 + C tumors were 92.7% 
and 79.5% respectively (P<0.001).

Figure 5 Tumor-related survival curves: comparison between early 
stages (Masaoka I–II—dashed line) and advanced stages (Masaoka 
III-IV—full line). Five- and 10-year for stage I–II tumors were 
99.2% and 95.2% respectively, while 5- and 10-year for stage III–
IV tumors were 89.9% and 74.9% respectively (P=0.003).
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Figure 6 OS (R0 vs. R1/R2; P=0.05) and DSS curves for surgical margins (R0 vs. R1/R2; P=0.04) among patients underwent to PORT. OS, 
overall survival; DSS, disease specific survival; PORT, postoperative radiotherapy.
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syndrome at diagnosis (P=0.23) and surgical procedure 
(P=0.53) were found. Table 2 reported Cox regression 
analysis of survival.

In terms of clinical outcomes, univariate analysis showed 
that complete resection, A + AB + B1 cell type and stage I–
II were significant predictor factors of better DSS , as well 
as DFS. The rates of death for progression of disease was 
0% for A cell type, 2.5% for AB cell type (2.5%) and 83% 
for C cell type tumor. Female patients had significantly 
better tumor-specific survival than males: 98.9% and 95.3% 
versus 93.0% and 84.1% at 5 and 10 years from surgery, 
respectively (P=0.024). Of note, PORT did not affect 

survival and PORT toxicity did not have a negative impact 
on survival.

Multivariate analysis of survival showed that gender, 
total resection and WHO cell type remained independent 
prognostic factors, while Masaoka staging did not.

Toxicity

Among 70 patients undergoing surgery alone, only 1 had 
an acute AE (grade 1 cardiac toxicity). Patients treated 
with PORT had a higher level of acute AEs: 45 (39.5%) 
experienced any grade toxicity from treatment, but none of 

Table 2 Cox regression analysis of survival

Variables HR 95% CI P

Sex (males vs. females) 3.14 1.11–8.98 0.031

Age (years) (>62 vs. ≤62) 1.34 0.47–3.78 0.575

Symptoms (yes vs. no) 0.46 0.09–2.19 0.332

Performance status (ECOG 1–2 vs. ECOG 0) 2.67 0.96–7.42 0.060

Paraneoplastic syndrome (yes vs. no) 0.84 0.17–4.14 0.835

Surgical approach (thoracotomy/VATS vs. sternotomy) 0.55 0.14–2.18 0.402

Radicality (R+ vs. R0) 3.99 1.45–11.01 0.007

WHO cell type (B2 + B3 + C vs. A + AB + B1) 7.69 2.03–29.12 0.003

Masaoka staging (III–IV vs. I–II) 1.75 0.70–4.42 0.230

PORT (yes vs. no) 0.68 0.20–2.23 0.526

All variables were included in the analysis. Continuous variables have been dichotomized. HR, hazard ratio; CI, confidence interval.
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Table 3 Acute adverse events for patients underwent to PORT (n=114)

Toxicity
Grade

1 2 3 4 5 Any grade Grade 3–5

Pulmonary 6 (5.0) 3 (2.0) 0 (0.0) 0 (0.0) 0 (0.0) 9 (8.0) 0 (0.0)

Esophageal 36 (31.6) 3 (2.0) 0 (0.0) 0 (0.0) 0 (0.0) 39 (34.2) 0 (0.0)

Cardiac 1 (0.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.9) 0 (0.0)

PORT, postoperative radiation therapy.

these was graded ≥3. 
Acute toxicities for patients treated with PORT were 

reported in Table 3.

Discussion

The role of PORT in patients with thymoma after complete 
resection remains controversial and the approach is different 
depending on the Masaoka-Koga stage of disease. Due 
to the rarity of the disease, there is a lack of randomized 
and prospective trials that can lead to level I evidence 
indications; consequently, the optimal role of PORT 
remains based mainly on retrospective studies. Besides, the 
results of some studies on thymoma are inconclusive due to 
the heterogeneity of cohorts analyzed.

In patients with completely resected stage I tumors, 
PORT has not been recommended because of the low 
incidence of local recurrence rates following complete 
resection (27-31). In early stage thymoma, PORT is only 
suggested in high-risk situations, such as an incomplete 
resection. Liu et al. conducted a retrospective analysis of 
1,500 patients with stage I to III thymic tumors included in 
the Chinese Alliance for Research in Thymoma (ChART) 
database and found that an incompletely resected 
thymoma or thymic carcinoma could have a survival 
benefit from PORT, while a R0 resected did not (32).  
The optimal management of patients presenting with 
stage II tumors remains controversial (20). Several studies 
supported the use of PORT when macroscopic capsular 
invasion (stage IIB) is reported, but not in stage IIA (29,33). 
Patients in stage III–IV with complete resection have 
higher risks of relapse. A potential OS benefit in receiving 
PORT versus surgery alone in stage III–IV disease—but 
not in stage II disease—was evident in the meta-analysis 
of Lim et al. The results of this meta-analysis showed that 
PORT had no effect on survival in patients with Masaoka 
stage I–II disease (HR 1.45, 95% CI: 0.83–2.55, P=0.2), 
but a survival benefit was observed in stage III–IV (HR 

0.63, 95% CI: 0.40–0.99, P=0.04) with even better results 
if older trials were excluded from the analysis (HR 0.54, 
95% CI: 0.33–0.88, P=0.01) (7). Another meta-analysis 
analyzing 14 studies conducted from 1996 to 2014 found 
an OS benefit of PORT in completely resected stage II 
and III thymoma (HR 0.57 and 0.73, respectively), but no 
advantages were seen in DSS and DFS (34). To emphasize 
the lack of clarity in this setting, a third meta-analysis 
conducted on retrospective trials from 1984 to 2014 found 
no benefit on recurrent outcomes in either the stage II or 
the stage III R0 patients (35) (Table 4).

Other studies were published after these meta-analyses. 
One propensity score-matched analyses conducted recently 
reported a survival advantage for PORT in stage IIB 
thymoma (HR =0.61), stage III (HR =0.69), and positive 
margins (HR =0.53), but not for stage I to IIA (33). The 
same benefit was observed in a retrospective ITMIG 
evaluation of completely resected stage III thymoma, 
in which 5- and 10-year OS rates were 95% and 86%, 
respectively, compared to 90% and 79% for patients 
receiving surgery alone (P=0.002) (36). Liao et al. collected 
data on completely resected stage III thymoma, showing 
a benefit in the 5- and 8-year OS, with rates of 95.6% 
and 93.9% with PORT; the same endpoints for surgery 
alone were 84.0% and 67.2%, respectively (P=0.004) (37).  
Interestingly, one recent retrospective analysis on the 
Surveillance, Epidemiology, and End Results (SEER) 
database evaluated 2,234 patients from 1988 to 2013 
confirmed the OS and DSS benefit of PORT with stage III/
IV disease, but adjuvant radiotherapy decreased the DSS 
for those with stage I/IIA thymoma. The improvement 
in OS and DSS in patients treated with PORT when a 
capsular infiltration occurs was found in other retrospective 
experiences (38-40). The most recent retrospective studies 
on PORT are reported in Table 5.

Some importance in choosing PORT for patients is 
also given to the clinical characteristics. We observed a 
survival advantage in histologic WHO subtype A, AB 
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Table 4 Recent meta-analysis on thymomas treated with PORT

Study Studies included
Studies 
(years)

Inclusion criteria Patients
5-year 

OS

mOS

10-year 
OS

mPFS
Time to 

progression
RFS DSS

Prognostic 
factors

Early 
adverse 
events

Late 
adverse 
events

ConclusionsHR, P, 
I2 whole 

population

HR, P, I2 
detailed 

population

Zhou  
et al., 
2016, (34)

Regnard, 1996; Mangi, 
2002; Kondo, 2003; 
Singhal, 2003; Mangi, 2005; 
Rena, 2007; Vassiliou, 
2009; Chen, 2009; Forquer, 
2010; Fernandes, 2010; 
Chang, 2011; Fan, 2013; 
Yan, 2014; Omasa, 2014

n=14  
(1996–2015)

Studies with 2 cohorts of patients: surgery 
versus surgery with PORT; studies published 
in foreign languages were excluded; 
studies that included patients with CHT for 
metastatic disease were excluded

3,823 NR HR =0.99; 
P=0.87; 
I2=1%

Stage II: 
HR =0.57; 
P=0.001. 
Stage III: 

HR =0.73; 
P=0.004; 

I2=0%

NR NR NR HR =1.21; 
P=0.09; 
I2=9%

HR =0.66; 
P=0.13; 
I2=0%

NR NR NR PORT increased the rate of OS 
in stage II and III after complete 
resection

Lim et al., 
2016, (7)

Kondo, 2003; Singhal, 
2003; Chang, 2011; Fan, 
2013; Yan, 2014; Omasa, 
2015; Lim, 2015

n=7  
(2003–2015)

Survival data of patients underwent to 
PORT and surgery alone in stage II, III, or IV 
thymomas; only histologic diagnosis with 
thymomas (no thymic carcinomas or other 
thymic malignancies); no preoperative CHT 
or RT; no combined CHT; no macroscopically 
residual disease. Exclusion criteria: case 
reports and review articles; No comparator 
group; Insufficient data to obtain the hazard 
ratio (HR) and its 95% confidence interval of 
OS

1,724 NR HR =0.79; 
P=0.13; 
I2=0%

Stage II:  
HR =1.45; 

P=0.20. Stage 
III–IV:  

HR =0.63; 
P=0.01; I2=0%

NR NR NR NR NR NR NR NR Potential survival benefit of 
PORT in stage III to IV thymomas 
with R0, but not in cases with 
stage II disease

Ma et al., 
2016, (35)

Cohen, 1984; Monden, 
1985; Curran, 1988; 
Quintanilla-Martinez, 
1994; Haniuda, 1996; 
Ruffini, 1997; Grip, 1998; 
Mangi, 2002; Kondo, 2003; 
Singhal, 2003; Strobel, 
2004; Sousa, 2004; Rena, 
2007; Utsomi, 2009; 
Vassiliou, 2009; Chen, 
2010; Chang, 2011;  
Song, 2014

n=19  
(1984–2014)

Studies reported as randomized or non-
randomized; controlled studies in humans; 
patients with stage II or III thymic tumors 
who received complete resection of the 
tumor and were assigned to the surgical 
procedure only, or surgical procedure with 
PORT group; documented the recurrent 
outcomes of the tumor (local, regional, or 
distant or in combination)

1,280 NR NR NR NR NR NR HR =1,34; 
P=0.37; 
I2=20%

NR NR NR NR No high-quality prospective data 
regarding PORT in stage II or 
III thymic tumors who received 
complete resection. No beneficial 
effects of PORT on recurrent 
outcomes in these patients. 
The significant heterogeneity 
in statistical analytic methods 
and clinical settings prevented a 
possible quantitative evaluation 
of PORT on survival data

PORT, postoperative radiation therapy; OS, overall survival; HR, hazard ratio; DSS, disease-specific survival.
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Table 5 Recent retrospective studies on thymomas treated with PORT

Study name Study period
Study patients, 

overall
Patients included OS PFS DFS DSS

Rimner et al. (ITMIG), 
2016, (36)

1990–2012 1,263 Resected stage II or III 
thymomas

5-year OS rates 95% vs. 90%; 10-year OS rates 86% vs. 79% (P=0.002).  
Subgroup of stage III thymoma:  
5-year OS rates 92 % vs. 76%; 10-year OS 79% vs. 64% (P=0.0005)  
(patients having undergone surgery + PORT vs. patients with surgery 
alone)

NR NR NR

Liao et al., 2018, (37) 2003–2013 150 Resected stage III 
thymoma

5-year OS rates 95.6% vs. 84.0%; 8-year OS rates 93.9% vs. 67.2% 
(P=0.004) (S + R vs. S-alone group)

NR The 5-year rates 85.8% vs. 75.8% 
and 8-year DFS rates 82.0% vs. 

66.3% (P=0.346) (S + R group vs. 
S-alone group)

5-year DSS rate 97.3% vs. 87.5%; 8-year DSS rates 95.5% vs. 87.5% 
(P=0.052) (S + R group vs. S-alone group)

Mou et al., 2018, (38) 1988–2013 2,234 Resected thymoma, all 
stages

5-year OS rate 80.9% vs. 76.4%; 10-year rate OS 62.1% vs. 57.3% (S + R 
vs. S-alone group).  
Subgroup of stage III or IV thymoma: 5-year OS rate 75.4 % vs. 62.9 %; 
10-year OS rate 52.5% vs. 39.8 % (S + R vs. S-alone group)

NR NR 5-year DSS rate 93.4% vs. 89.9%; 10-year DSS rate 85.9% vs. 82.1% 
(S + R vs. S-alone group). Subgroup of stage III or IV thymoma 
5-year DSS rate 90.6% vs. 79.8%; 10-year DSS rate 79.5% vs. 66.0% 
(S + R vs. S-alone group)

Yan et al., 2016, (40) 1996–2013 175 Resected stages II and 
III thymoma

5-year OS rate 88.4% vs. 72.9% (P=0.95) (S + R vs. S-alone group) 5-year PFS rate 
75.9% vs. 59.3% 

(P=0.63) (S + R vs. 
S-alone group)

NR NR

Boothe et al., 2016, (41) 2004–2012 1,156 Resected stages II and 
III thymoma

5-year OS rate 89% vs. 79% (P=0.03) NR NR NR

Lim et al., 2015, (42) 2000–2010 529 Resected thymoma, all 
stages

7-year OS rates 78.5% vs. 66.1% (P=0.008) (S + R vs. S-alone group)  
S + R resulted in better OS in stage III (P=0.049)

NR NR 7-year DSS rate 92.1% vs. 81.2% (P=0.008) (S + R vs. S-alone group) 
S + R resulted in better DSS in stage III (P=0.012)

R, radiotherapy; S, surgery; NR, not reported; OS, overall survival; PFS, progression free survival; DFS, disease free survival specific survival; DSS, disease-specific survival.
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and B1, and this finding is in line with the results of two 
National Cancer Data Base (NCDB) studies and with a 
retrospective evaluation (33,37,41). Another study suggests 
that subtype B1, B2, B3 benefit more from PORT (36). 
Also completeness of resection (33,42) is associated with a 
greater OS, and this corroborates our findings (33,40,42). 
Some evaluations reported that a higher Masaoka-Koga 
stage is detrimental for survival (29,33,36), but our results 
deviate from this. We observed that age at diagnosis is 
not a prognostic factor, while other studies report that 
older age is associated with a poor outcome (29,33,36,42). 
Multivariate analysis showed that PORT did not impact 
survival, and this result was confirmed by Weksler et al. (39). 
Interestingly, one series showed a survival improvement in 
diagnosis made in more recent years, likely due to advances 
in surgical and radiation techniques and improvements in 
patient selection (29).

We did not find a higher rate of both grade ≥3 acute and 
late AEs in patients treated with PORT, and the absence of 
an increased rate in cardiac mortality with PORT was also 
evident in literature (29). Our result should be correlated 
with the findings of Liao et al., that observed that higher 
heart dose was related to increased risk of cardiovascular 
disease in long- term survivors (37). The rate of low grade 
acute AEs were higher with PORT compared to surgery 
alone, even if all the patients recovered completely from 
toxicities and showed no late consequences from these 
events.

This study had several limitations. First of all, this is a 
retrospective analysis and carries with it all the limitations 
of a retrospective evaluation. Secondly, follow-up schedules 
were not standardized and this can lead to bias toward null 
hypotheses. In addition, we could not evaluate the influence 
of postoperative chemotherapy because there were only a 
few patients who underwent it. Another limitation is the 
number of 2-D treatments: up to date this technique is 
obsolete for PORT in thymoma. Finally, our retrospective 
analysis collected data from a large number of patients in 
stage I–II (n=69) compared to patients in stage III–IV (n=44); 
this difference may have altered the results of effectiveness 
in more advanced stages of thymoma.

In conclusion, the review of the literature showed that 
PORT provides a significant benefit in selected patients 
affected by thymoma in terms of OS, DSS and DFS. This 
advantage was evident in stage IIb–IV thymoma, whilst 
patients in early stage disease didn’t have the same benefit. 
Surgery alone was confirmed as the standard of care in stage 
I–IIa thymoma. Our results demonstrated that PORT is 

highly recommended in patients with incomplete resection 
(R1 and R2 margins). From our analysis, an important 
finding is that PORT didn’t increase high grade acute 
toxicity compared to surgery alone, and this result is evident 
both in our evaluation and in the other retrospective 
experiences. Despite the difficulty to conduct prospective 
randomized trials due to the low incidence of disease, 
controlled studies are necessary to confirm the role of 
PORT for stage I–IV thymoma.
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