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Background
Thymoma is a rare tumor deriving from 
the epithelial cells of the thymus, al-
though it is the most common primary 
tumor in the anterior mediastinum. The 
prevalence of thymoma has been report-
ed as 0.13 per 100,000 person-years in 
the United States.1 Unlike most other can-
cers, thymoma has a long natural history 
and the overall survival (OS) of patients 
with thymoma can regularly be measured 
in decades.2 Nonetheless, patients with 
thymoma with multiple primary cancers 
are still worthy of study. Some studies 
have found that patients with thymoma 
had a broadly increased risk for future 
cancers; certain patients even experience 
worse survival.3-5 Still, the full impact of 
prior malignancy on thymoma outcomes 
remains unknown.

Clinical trials play a pivotal role in 
improving the survival of patients with 
cancer. However, cancer history is a com-
monly used exclusion criterion in oncol-
ogy clinical trials, due to concerns that 
previous treatment and survival impact 
could interfere with clinical results. Still, 
the exclusion of patients with a personal 
cancer history may be problematic, be-
cause it is common for clinical trials to 
struggle to recruit enough patients with 
thymoma.6 What’s more, no data exist 
to clearly support the hypothesis that 
prior cancer history (PCH) impacts the 
survival of patients with thymoma. Fur-
ther, it is uncertain whether the results 
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BACKGROUND: Thymoma is an uncommon intrathoracic 
malignant tumor and has a long natural history, with overall survival 
(OS) in these patients lasting decades. It is uncertain whether the 
survival of a patient with thymoma is affected by their prior cancer 
history (PCH). Finding out the impact of PCH on thymoma survival 
has important implications for both decision-making and research.

METHODS: The Surveillance, Epidemiology, and End Results 
database was queried for patients with thymoma diagnosed 
between 1975 and 2015. Kaplan-Meier methods and the Cox 
proportional hazards model were used to analyze OS across a 
variety of stages, ages, and treatment methods, in patients both with 
and without PCH.

RESULTS: A total of 3604 patients with thymoma were identified, 
including 507 (14.1%) with a PCH. The 10-year survival rate 
of patients with a PCH (53.8%) was worse than that of those 
without a PCH (40.32%; 95% CI, 35.24%-45.33%; P < .0001). 
However, adjusted analyses showed that the impact of a PCH 
was heterogenous across ages and treatment methods. In subset 
analyses, PCH was associated with worse survival among patients 
who were treated with chemoradiotherapy (HR, 2.80; 95% CI, 1.51-
5.20; P = .001) and among those who were ≤ 65 years (HR, 1.33; 
95% CI, 1.02-1.73; P = .036).

CONCLUSIONS: PCH provides an inferior OS for patients 
with thymoma. However, it does not worsen the survival in some 
subgroups, and these patients with thymoma may be eligible for study.
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TABLE. Baseline Characteristics of Patients With Thymoma in Each Cohort
Characteristics Full cohort;

N = 3604 (%)
First primary cohort;  
n = 3097 (%)

Prior cancer history;  
n = 507 (%)

P

Age (years), mean (SD) 58.12 (15.05) 56.72 (14.97) 66.63 (12.55) <.01

Gender

Female 1739 (48.3%) 1478 (47.7%) 261 (51.5%) .12

Race <.01

White 2455 (68.1%) 2062 (66.6%) 393 (77.5%)

Black 531 (14.7%) 468 (15.1%) 63 (12.4%)

Other/unknown 618 (17.1%) 567 (18.3%) 51 (10.1%)

Marital status <.01

Married 2178 (60.4%) 1857 (60.0%) 321 (63.3%)

Single 585 (16.2%) 529 (17.1%) 56 (11.0%)

Separated/divorced/widowed 684 (19.0%) 576 (18.6%) 108 (21.3%)

Unknown 157 (4.4%) 135 (4.4%) 22 (4.3%)

Year of diagnosis <.01

1975-1988 370 (10.3%) 343 (11.1%) 27 (5.3%)

1989-2002 1005 (27.9%) 890 (28.7%) 115 (22.7%)

2003-2015 2229 (61.8%) 1864 (60.2%) 365 (72.0%)

Masaoka-Koga stage <.01

I/IIA 298 (8.3%) 257 (8.3%) 41 (8.1%)

IIB 749 (20.8%) 680 (22.0%) 69 (13.6%)

III/IV 308 (8.5%) 278 (9.0%) 30 (5.9%)

Unknown 2249 (62.4%) 1882 (60.8%) 367 (72.4%)

WHO type .03

A 232 (6.4%) 195 (6.3%) 37 (7.3%)

AB 433 (12.0%) 362 (11.7%) 71 (14.0%)

B1 345 (9.6%) 290 (9.4%) 55 (10.8%)

B2 350 (9.7%) 298 (9.6%) 52 (10.3%)

B3 476 (13.2%) 397 (12.8%) 79 (15.6%)

NOS 1768 (49.1%) 1555 (50.2%) 213 (42.0%)

Size (mm), mean (SD) 75.50 (60.75) 76.49 (60.44) 69.61 (62.30) .04

Surgery 2782 (77.2%) 2399 (77.5%) 383 (75.5%) .34

Treatment <.01

Surgery 1046 (29.0%) 856 (27.6%) 190 (37.5%)

Surgery plus adjuvant therapy 1736 (48.2%) 1543 (49.8%) 193 (38.1%)

Radiation 177 (4.9%) 154 (5.0%) 23 (4.5%)

Chemotherapy 196 (5.4%) 174 (5.6%) 22 (4.3%)

Radiation plus chemotherapy 195 (5.4%) 166 (5.4%) 29 (5.7%)

No treatment 254 (7.0%) 204 (6.6%) 50 (9.9%)

Cause of death <.01

Alive 1823 (50.6%) 1600 (51.7%) 223 (44.0%)

Cancer death 730 (20.3%) 730 (23.6%) 0 (0.0%)

Noncancer death 1051 (29.2%) 767 (24.8%) 284 (56.0%)

NOS, not otherwise specified; WHO, World Health Organization.
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of clinical trials that excluded patients with PCH could then 
apply equally to patients with such history. Therefore, deter-
mining the impact of PCH on thymoma survival is important 
for both patients and the oncology community.

Until recently, no study has specifically evaluated the im-
pact of PCH on thymoma outcomes, and we know little 
about the features of patients with thymoma with PCH. In 
this study, we aimed to identify the relationship between 
cancer history—in patients with thymoma who had such his-
tory—and the prognosis for their thymoma. Mortality risk 
of thymoma, as it related to a patient’s PCH, was evaluated 
using a cohort of patients with thymoma in the Surveillance, 
Epidemiology, and End Results (SEER) database.

Methods 
Data Source and Study Population
All data were extracted from the SEER database through 
SEER*Stat Software version 8.3.6. We searched all records 
of patients diagnosed with thymoma between 1975 and 2015. 
A diagnosis of any thymoma, excluding thymic carcinoma, 
was identified by histology and primary site (tumor site code). 
The SEER sequence number variable represented the order 
of reportable tumors diagnosed in a lifetime and was used to 
determine the prevalence of prior cancer. 

The patients with thymoma were divided into 2 cohorts 
based on whether or not they had a PCH. The PCH cohort 
included patients who had a cancer diagnosis before the thy-
moma diagnosis, and the first primary (FP) cohort included 
those patients for whom thymoma represented their first 
and only malignancy. All patients must have been diagnosed 
with microscopic confirmation by cytology or histology. Pa-
tients were excluded if: (1) they had only death certificates 
or autopsy records, with no cytological or histological con-
firmation of disease; (2) they were diagnosed when younger 
than 18 years; or (3) had incomplete follow-up information 
or survival data.

Data Elements
Extracted from the SEER database were demographic and 
clinicopathological characteristics, including age, sex, race, 
marital status, year of diagnosis, histological subtype, stage, 
and surgery, chemotherapy, and radiotherapy records. Sur-
vival data were calculated in months, and any survival times 
of 0 months were recorded as 0.5 months. Masaoka-Koga 
staging was estimated using an approach modeled which was 
proposed by Fernandes et al.6 Briefly, patients were categorized 
into 4 groups: stage I/IIA (“invasive tumor confined to gland 
of origin” or “localized, not otherwise specified”), stage IIB 
(“adjacent connective tissue”), stage III/IV (“adjacent organs/
structures” or “further contiguous extension” or “any positive 

lymph nodes”), and unknown (unknown extent of disease).

Statistical Analysis
Data were presented as mean values, using standard devia-
tions for continuous variables and percentages for categorical 
variables. Continuous variables were compared using t tests; 
categorical variables were analyzed using the Pearson χ2 test. 
Survival curves were plotted by using the Kaplan-Meier meth-
od and compared by using the log-rank test. Cox proportional 
hazards regression models were adjusted for demographic and 
clinicopathological characteristics. Survival time was calculat-
ed as months from diagnosis to death or end of follow-up. The 
primary end point of this study was OS, and the cutoff date for 
follow-up was December 31, 2016. All P values were 2-tailed, 
and P values < .05 were considered statistically significant. Sta-
tistical analysis was performed using Stata 16.0 (StataCorp).

Results 
Patient Characteristics
A total of 3604 patients with thymoma who met the inclu-
sion criteria were collected from the SEER database, including  
507 (14.1%) with PCH. The baseline patient characteristics 
are shown in the Table. The median (SD) age was 58 (15) 
years and 1739 (48.3%) patients were female. A total of  
1239 patients (34.4%) with thymoma were older than  
65 years. The prevalence of patients with PCH was concen-
trated between 2003 and 2015 (72%). None of the patients 
in the PCH cohort were seen to have died of thymoma. In  
general, the PCH cohort had more elderly patients, more 
deaths, and smaller tumors compared with the FP cohort. 
Patients were further divided into 6 subgroups based on the 
thymoma treatment they received: surgery only, surgery and 
adjuvant therapy, radiation only, chemotherapy only, radia-
tion and chemotherapy, and no treatment.

Unadjusted Survival Comparisons
With a median follow-up of 68 months (range, 0-468), as 
shown in Figure 1A, the 10-year OS rate of the FP cohort 
(53.8%; 95% CI, 51.76%-55.86%; P < .0001) was better than 
that of the PCH cohort (40.32%; 95% CI, 35.24%-45.33%;  
P < .0001). Figures 1B-D depict stratified Kaplan-Meier sur-
vival curves by stage. Patients with PCH with thymoma of 
stages I to IV exhibited worse survival than those in the FP 
cohort; however, the difference was statistically different only 
for those patients with stage II disease (P = .005). Among 
patients with stage II thymoma, the 10-year OS rate for the 
FP and PCH cohorts, respectively, were 48.24% (95% CI, 
44.42%-51.95%) and 37.68% (95% CI, 26.4%-48.91%). 

Figures 2A-B present stratified Kaplan-Meier curves by 
age. Patients with PCH displayed worse survival if they were 
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The survival curve of patients with prior cancer history compared with those in whom the thymoma represented their first and only  

malignancy as well stratified by Masaoka-Koga stage (A, all stage; B, Stage I/IIA; C, stage IIB; D, stage III/IV).

FIGURE 1. Kaplan-Meier Survival Plots for Different Stage
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≤65 years (P = .004), while patients aged >65 years with PCH 
showed survival similar to that of the FP cohort.

Adjusted Survival Comparisons
Cox proportional hazard models were adjusted for patient de-
mographics and stratified by treatment. As shown in Figure 3, 
PCH was associated with worse survival for 5.4% of patients 
with thymoma, but the impact of PCH was not statistically sig-
nificant for 94.6% of those patients. The patients treated with 
radiation and chemotherapy in the PCH cohort had worse OS 
compared with the FP cohort (HR, 2.80; 95% CI, 1.51-5.20; 
P = .001). For the patients with PCH who were treated with 
other methods, having PCH made no statistical difference. 
Multivariate Cox proportional hazard model analysis showed 
that PCH was not associated with significantly worse survival 
for stage II thymoma (HR, 1.03; 95% CI, 0.72-1.46; P = .889) 
but was associated with worse survival for patients ≤65 years 
(HR, 1.33; 95% CI, 1.02-1.73; P = .036).

Discussion 
To our knowledge, this is the first study to analyze the impact 
of PCH on outcomes in thymoma. Our study results indi-
cate that PCH had a significant but heterogenous effect on 
the survival of patients with thymoma. To some degree, the 
unadjusted survival analyses for thymoma show that PCH is 
associated with worse OS vs FP (Figure 1A). PCH was seen 
to have an adverse effect on OS in patients younger than  
65 years. For patients with stage II thymoma, patients with 
PCH showed worse survival than those in the FP cohort  
(Figure 1C) but had no statistical difference in survival after 
multivariate Cox proportional hazard model analysis. 

Patients may have competing priorities to make treatment 
decisions, and treatment modalities may have implications for 
survival.7,8 The adjusted survival analyses were stratified by 
treatment modalities for further analysis, which revealed that 
the chemoradiotherapy subgroup of the PCH cohort had sig-
nificantly worse survival than members of the other subgroups. 
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The cancer survivor population has been growing rapidly 
in the United States over the past 30 years, largely driven by 
the aging population, the improvement of treatment, and 
expanding cancer screening efforts.9 These factors have led 
to an increased prevalence of multiple primary cancers.10 
In our study, 20% of older patients (> 65 years) and more 
than 10% of younger patients (≤ 65 years) who were di-
agnosed with thymoma had PCH. As shown in Figure 2A, 
the patients in the younger adult subgroup with PCH had 
significantly worse prognosis than those in the corresponding 
FP subgroup. 

A study conducted by Andrew et al found that PCH did not 
adversely affect clinical outcomes in patients with thymoma. 
The authors also suggested that patients with PCH should 
not be excluded from clinical trials recruiting patients with 
advanced lung cancer.11,12 They argued that older patients 
were more likely to die from the progression of cancer and 
comorbidities; therefore, PCH had less impact, relatively. 
Younger patients with thymoma tend to have a better prog-
nosis than older patients and are more likely to be cured.13 
On the other hand, prior cancer treatment could increase 
the risks of treatment intolerance, thus worsen the survival 
of younger patients with thymoma.14

Although several staging systems exist, the Masaoka- 
Koga staging classification system is the most extensively 
used and is a reliable predictor for the prognosis of thymo-
ma.15,16 The 5-year OS rate was approximately 85% in the 
patients with stage I to III thymoma and 65% in those with 
stage IV thymoma.15,17,18 

For stage I and stage II thymoma, complete surgical resec-
tion is the recommended standard treatment. What’s more, 

postoperative radiotherapy is suggested in incompletely  
resected or high-risk stage II thymomas.19 Adjuvant radio-
therapy can reduce local recurrence rates, and completely 
resected stage II tumors may benefit from adjuvant radio-
therapy, but this seems to have no impact on OS.20,21 It is not 
yet clear whether patients with a PCH and stage II thymoma 
could benefit from postoperative radiotherapy. In our work, 
we found that patients with PCH didn’t display significantly 
worse OS than those without PCH, when patients had stage 
II thymoma.

Thymomas are representative of slow-growing tumors that 
can spread locally. Metastases are usually restricted to the 
pericardium, diaphragm, or pleura, and extrathoracic regional 
metastases are uncommon.20 Because of their rarity, various 
studies are necessary to explore and improve current thera-
peutic standards. Surgery is the cornerstone of the multimodal 
treatment strategy for thymoma. Complete removal of the 
tumor and total thymectomy are recommended for most re-
sectable tumors.6,20-22 Incompletely resected tumors or tumors 
with a positive resection margin are generally treated with 
radiotherapy. Chemotherapy combined with radiotherapy is 
recommended in unresectable thymomas or advanced thymo-
mas.20, 21 As seen in Figure 3, the patients in the PCH cohort 
who received radiation and chemotherapy experienced worse 
OS compared with the FP cohort. Intriguingly, our results 
showed that the impact of PCH was not statistically significant 
for most patients with advanced thymomas. Nonetheless, pri-
or cancer treatment increased the toxicity and intolerance of 
chemoradiotherapy prescribed to treat thymoma, and patients 
with unresectable thymoma with PCH tended to have more 
complex conditions than their FP counterparts.

FIGURE 2. Subgroup Analysis of the Impact of Prior Cancer History on Overall Survival, Stratified by Age
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The survival curve of patients with prior cancer history compared with those in whom the thymoma represented their first and only 

malignancy, stratified by age (A, ≤ 65 years; B, > 65 years).
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The current study suggested that PCH have a variable 
impact on the selection of retrospective study and clinical 
trial. We suggest including PCH as a stratification or covari-
ate variable when PCH is known to modify the effect of 1 
or more independent variables. The relationship between 
OS and PCH most probably reflects interactions among (1) 
the recurrence or lethality of prior cancer, (2) the recurrence 
or lethality of the newly diagnosed thymoma, and (3) the 
personal circumstances of patients. 

Limitations
Undeniably, the present study has several limitations. Firstly, 
we confirmed a PCH according to the sequence number only, 
without detailed prior cancer characteristics. Therefore, we 
could not distinguish whether the index thymoma was from 
local recurrence. Secondly, the current study focused on PCH 
in general, without description of the specific prior cancer 
type. Prior cancer type could affect results, as the previously 
diagnosed cancer could be “likely lethal” or “likely irrelevant” 
to prognosis. Thirdly, the SEER database lacked detailed in-
formation on therapeutic regimens for chemotherapy and ra-
diotherapy or toxicity, as well as on comorbidities and adverse 
events. In addition, the data acquired from the SEER database 
cover approximately 34.6% of the population in the United 
States. Further studies are required to confirm the generaliz-
ability of our findings.

Conclusions
A prior cancer history has variable impact on the survival of 
patients with thymoma, depending upon age and treatment 
method. PCH is associated with worse survival for patients 
who were younger and treated with chemoradiotherapy. 
However, further studies are required for confirmation. 
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FIGURE 3. Multivariate Cox Proportional Hazards of Patients, Stratified by Treatment

Analysis of the impact of prior cancer history on overall survival by treatment. The model is adjusted for Masaoka-Koga stage, race, 

WHO type, size, marital status, age, and year of diagnosis.
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