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Objectives: To explore the clinical and prognostic characteristics of thymic

lymphoma and the effects of current treatments on the prognosis.

Methods: Patients diagnosed as primary thymic lymphoma between 1975 and

2018 from the nine states of the USwere identified, including Atlanta, Connecticut,

Detroit, Hawaii, Iowa, New Mexico, San Francisco-Oakland, Seattle–Puget Sound,

and Utah. Incidence and mortality rates were analyzed using SEER*Stat 8.3.9

software. Univariate and multivariate Cox regressions were performed to identify

prognostic factors. The Kaplan–Meier curve and log-rank test were used to

compare overall survival (OS) among different treatments.

Results: A total of 233 patients diagnosed as thymic lymphoma were identified,

and eight of themwere lost to follow-up or died upon diagnosis. The incidence of

thymic lymphoma was 2.032 per ten million (95% CI: 1.777–2.312), and the

mortality rate was 0.649 per ten million (95% CI: 0.508–0.817). Among the 225

patients with definite follow-up, 98 were males and 127 were females, with a

median age of 33 years. The Cox regression results showed that age and

pathological type were independent risk prognostic factors. The 5-, 10-, and

20-year OS were 80.0%, 77.5%, and 70.9%, respectively. For Ann Arbor stage I and

II patients, there was no significant difference between the surgical group (N = 78)

and the non-operative group (N = 65; P = 0.270). The radiotherapy group (N = 79)

had better OS than the non-radiotherapy group (N = 64) in the first 25 years, and

the prognosis in the later years was not significantly different (P = 0.051). The

chemotherapy group (N = 37) had a significantly better prognosis than the non-

chemotherapy group (N = 37; P = 0.020). Patients who received postoperative

radiotherapy (N = 45) or who only received radiotherapy (N = 34) seemed to have

better OS than that of patients who only received surgery (N = 33), although the

difference was not significant (P = 0.063).

Conclusions: Age and pathological type were independent prognostic factors

for thymic lymphoma. Surgical treatment had limited effects on OS, while
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both radiotherapy and chemotherapy could significantly improve the

survival outcome.
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prognosis, radiotherapy, thymic lymphoma, surgery, chemotherapy
Introduction

Lymphoma is one of the most common malignancies

which can occur in different organs and tissues throughout

the body, which includes Hodgkin’s lymphoma (HL) and

non-Hodgkin’s lymphoma (NHL) (1). Thymic lymphoma is a

rare kind of tumor growing in the thymus (2) and is difficult

to distinguish from thymoma by images. NHL in the thymus

includes diffuse large B-cell lymphoma (DLBCL) and T-

lymphoblastic lymphoma originated primarily in the

mediastinum. Among them, mucosa-associated lymphoid

tissue (MALT) lymphoma in the thymus was rarely found

and was firstly reported in 1990 by Isaacson et al. (3).

Currently , al though some conventional treatments

including surgery, radiotherapy, and chemotherapy have

been applied to thymic lymphoma treatment, there is still

no standard treatment. According to the WHO classification

of lymphoma, primary thymic large B-cell lymphoma

(PTLBL) is the predominant pathological type of thymus

lymphoma (4). Based on previous studies, there were only

case reports or cases series of small sample size for thymic

lymphoma (5–10). Therefore, clinical data and evidence for

thymic lymphoma are lacking, and a larger cohort of the

disease is highly required.

At present, surgery is thought to be one of the critical

managements for thymic lymphoma, but the resection criteria

are obscure. Besides, whether patients can obtain survival

benefits from postoperative treatments including radiotherapy

and chemotherapy remains debated. Thus, we performed

multiple clinical analyses using the SEER (Surveillance,

Epidemiology, and End Results) database, the largest clinical

cancer database in the world, which contains clinical data about

one-third of cancer patients in the US. Since thymic lymphoma

occurs quite rarely, few previous studies reported its incidence

and mortality. Besides, there is still lack of survival data of the

disease. Thus, from the SEER database, we collected and

analyzed patients diagnosed as thymic lymphoma from 1975

to 2018 in the US. To our knowledge, this is the largest cohort of

thymic lymphoma. Not only were incidence and mortality

reported but also survival outcome was analyzed for treatment

comparisons and prognostic factor identification.
02
Methods

Data source

Using SEER*Stat 8.3.9 software (https://seer.cancer.gov/

seerstat), patients’ data from the SEER Program of the

National Cancer Institute across nine cancer registries in the

United States were used for the present study, including Atlanta,

Connecticut, Detroit, Hawaii, Iowa, NewMexico, San Francisco-

Oakland, Seattle–Puget Sound, and Utah. Primary cancer site

and histology were coded using the third edition of the

International Classification of Diseases for Oncology (ICD-O-3).
Study population

Patients diagnosed as thymic lymphoma between 1975 and

2018 were identified from the SEER database. The search

strategy was set as “Site Recode B ICD-O-3/WHO 2008 =

Lymphoma AND Primary Site = Thymus,” which indicated

that the inclusion criteria included patients diagnosed as

primary thymic lymphoma confirmed by histology. A total of

233 patients were retrieved in the SEER database. Of them, six

patients were dead at diagnosis and two patients had no definite

time of survival. Thus, 225 patients were finally included for

clinical prognostic analysis. All patient information in the SEER

database was anonymous, and informed consent was waived by

the Ethics Committee of West China Hospital.
Study variables and survival data

Clinical and pathological characteristics were directly collected

from the SEER database including age, sex, race, time of diagnosis,

lymphoma subtype, histological type, Ann Arbor stage, surgery,

radiotherapy, chemotherapy, and cause of death. Survival data were

recorded since the diagnosis of thymic lymphoma. Ethnicity was

divided into white, black, and others (American Indian/Alaska

Native, Asian, or Pacific Islander). The histological types included

PTLBL, nodular sclerosis classical Hodgkin lymphoma (NSCHL),

DLBCL, and other sporadic types.
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Statistical analysis

Using SEER Stat software, incidence and mortality rates

among patients with thymic lymphoma from 1975 to 2018 were

estimated. The SPSS statistical software (version 25.0) was used

to perform univariate and multivariate Cox regression analyses,

and the hazards ratio (HR) and 95% confidence interval (CI)

were calculated. R software’s (version 4.1.1; http://www.r-

project.org) “SurvMiner package” and “Survival package” were

used to describe the Kaplan–Meier survival curve and survival

information of different groups. Furthermore, the log-rank test

was used to compare overall survival (OS). All statistical tests

were conducted by two-sided tests, and P < 0.05 was considered

statistically significant.
Results

Incidence and mortality

Morbidity and mortality rates were calculated for patients

with thymic lymphoma in the SEER database. From 1975 to

2018, the total observed population was 1,123,541,948 in this

database. The incidence and mortality of thymic lymphoma

were 2.032 (95% CI: 1.777–2.312) and 0.649 (95% CI: 0.508–

0.817) per ten million persons, respectively. In Figure 1, age

distribution of its incidence was shown. Thymic lymphoma was

enriched in young and middle-aged adults and was relatively

rare among those more than 50 years old.
Demographic characteristics

A total of 255 patients with thymic lymphoma were included in

the clinical outcome analysis (Table 1), including 98 (43.6%) men

and 127 (56.4%) women with a median age of 33 years

(interquartile range, IQR: 26–44). Most of them were white (173,
Frontiers in Oncology 03
76.9%); others included black (30, 13.3%), other races (18, 8.0%),

and unknown races (4, 1.8%). Fifty-six cases (24.9%) were

diagnosed from 1975 to 1990, 45 cases (20.0%) from 1991 to

2000, 68 cases (30.2%) from 2001 to 2010, and 56 cases (24.9%)

from 2011 to 2018. Sixty-three patients (28.0%) were HL, and 162

patients (72.0%) were NHL. As for histological types, 63 (28.0%) of

them were PTLBL, 58 (25.8%) were NSCHL, 54 (24.0%) were

DLBCL, and 50 (22.2%) were other sporadic types. Among them,

72 (32.0%) patients were recorded as Ann Arbor stage I, 71 (31.6%)

as Ann Arbor stage II, six (2.4%) as Ann Arbor stage III, 23 (9.0%)

as Ann Arbor stage IV, and 53 (23.6%) as unknown stage. There

were 124 patients (55.1%) who underwent surgery, while 111

(49.3%) patients received radiotherapy and 159 (70.7%)

received chemotherapy.
Univariate and multivariate Cox
regression analyses

Univariate and multivariate Cox regression analyses were

performed for 255 thymic lymphoma patients to identify their

prognostic factors. Univariate analysis showed that age (HR = 1.04,

95% CI: 1.02–1.05, P < 0.001), gender (female vs. male, HR = 0.56,

95% CI: 0.34–0.91, P = 0.019), time of diagnosis (1975–1990 as

reference: 2001–2010, HR = 0.48, 95% CI: 0.23–0.96, P = 0.039;

2011–2018, HR = 0.21, 95% CI: 0.06–0.70, P = 0.011), lymphoma

types (NHL vs. HL: HR = 1.75, 95% CI: 1.01–3.03, P = 0.047), and

pathological types (PTLBL as reference: DLBCL, HR = 4.63, 95%

CI: 1.34–16.02, P = 0.016; other types, HR = 10.9, 95% CI: 3.32–

36.23, P < 0.001) were significantly associated with OS. According

to univariate analysis, variables with P < 0.10 were included in

multivariate Cox regression analysis, and the results found that

higher age (HR = 1.03, 95% CI: 1.03–1.04, P < 0.001), earlier

diagnosis (1975–1990 as reference: 1991–2000, HR = 0.50, 95% CI:

0.25–0.98, P = 0.043; from 2001 to 2010, HR = 0.38, 95% CI: 0.15–

0.89, P = 0.026; from 2011 to 2018, HR = 0.21, 95% CI: 0.05–0.86,

P = 0.029), and pathological distribution type (PTLBL as reference:
FIGURE 1

Age distribution of incidence in patients with thymic lymphoma from the SEER Research Data with 9 Registries (1975–2018).
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HR = 4.71, 95% CI: 1.16–19.22, P = 0.031) were independent risk

factors for thymic lymphoma.
Survival analysis

Survival analysis of all 225 patients showed a great long-term

prognosis (Figure 2A). In detail, 5-, 10-, and 20-year OS rates

were 80.0%, 77.5%, and 70.9%, respectively. There was no
Frontiers in Oncology 04
significant difference in long-term survival among different

groups of Ann Arbor stages. Stage I had the best prognosis

within the first short period (15 years), but there was no

statistical difference (Figure 2B). The prognosis of HL was

significantly better than NHL (P = 0.045; Figure 2C). For

histological classification, PTLBL had the best prognosis,

followed by NSCHL, which was significantly better than

DLBCL, while sporadic pathological type had the worst

prognosis (P < 0.001; Figure 2D). In order to compare the
TABLE 1 Univariate Cox regression analyses for overall survival in 225 patients with thymic lymphoma.

Characteristics N = 225 (%) Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age, years 33 (26-44) 1.04 1.02-1.05 <0.001 1.03 1.03-1.04 <0.001

Sex

Male 98 (43.6) Referencee – – Reference – –

Female 127 (56.4) 0.56 0.34-0.91 0.019 0.66 0.38-1.13 0.131

Race

White 173 (76.9) Reference – –

Black 30 (13.3) 1.23 0.60-2.51 0.576

Others 18 (8.0) 0.68 0.21-2.18 0.513

Unknown 4 (1.8) – – –

Diagnosis year

1975-1990 56 (24.9) Reference – – Reference – –

1991-2000 45 (20.0) 0.8 0.43-1.49 0.484 0.5 0.25-0.98 0.043

2001-2010 68 (30.2) 0.48 0.23-0.96 0.039 0.38 0.15-0.89 0.026

2011-2018 56 (24.9) 0.21 0.06-0.70 0.011 0.21 0.05-0.86 0.029

Lymphoma type

HL 63 (28.0) Reference – – Reference – –

NHL 162 (72.0) 1.75 1.01-3.03 0.047 1.96 0.63-6.15 0.247

Pathologic type

PTLBL 63 (28.0) Reference – – Reference – –

NSCHL 58 (25.8) 2.82 0.81-9.83 0.104 2.4 0.42-13.85 0.328

DLBCL 54 (24.0) 4.63 1.34-16.02 0.016 2.78 0.71-10.90 0.143

Others 50 (22.2) 10.9 3.32-36.23 <0.001 4.71 1.16-19.22 0.031

Ann Arbor stage

I 72 (32.0) Reference – –

II 71 (31.6) 1.25 0.67-2.35 0.486

III+IV 29 (12.9) 1.04 0.41-2.61 0.938

Unknown 53 (23.6) 1.67 0.88-3.18 0.115

Surgery

Yes 101 (44.9) 1.84 0.99-3.42 0.054 0.96 0.42-2.17 0.917

No 124 (55.1) Reference – – Reference – –

Radiotherapy

Yes 111 (49.3) Reference – –

No 114 (50.7) 1.17 0.72-1.90 0.52

Chemotherapy

Yes 159 (70.7) 0.71 0.43-1.20 0.201

No 66 (29.3) Reference – –
front
HL, Hodgkin lymphoma; NHL, non-Hodgkin lymphoma; PTLBL, primary thymic large B-cell lymphoma; NSCHL, nodular sclerosis classical Hodgkin lymphoma; DLBCL, diffuse Large B-
cell lymphoma.
iersin.org
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effects of different treatment on the prognosis of thymic

lymphoma patients, further survival comparisons were

performed on Ann Arbor stage I and II patients (Figure 3). As

shown in Figure 3A, there was no statistically significant

difference in prognosis between the surgical group (N = 78)

and the non-surgical group (N = 65). The radiotherapy group

(N = 79) had better prognosis in the first 25 years than those in

the non-radiotherapy group (N = 64), and there was no

significant difference for the later period (P = 0.051;

Figure 3B). Most of the stage I and II patients (N = 106) who

received chemotherapy had significantly better prognosis than

those who did not (N = 37; P = 0.020, Figure 3C). It was shown

that patients who received radiotherapy after surgery (N = 45) or

radiotherapy alone (N = 34) had better outcome than those who

received surgery only (N = 33), although the difference was not

significant (P = 0.063; Figure 3).
Discussion

Thymic lymphoma is an extremely rare kind of tumor, and

there is lack of large-scale studies or definite guidelines to
Frontiers in Oncology 05
describe its clinical characteristics, treatment, and prognosis

(11–13). The pathologic types of thymic lymphoma mainly

included PTLBL, NSCHL, DLBCL, and other sporadic types

(4). Timely diagnosis of thymic lymphoma is of great

importance to treatment and prognosis (14). Based on

pathological characteristics, Andrew et al. reported that the

pathological diagnosis accuracy of PTLBL was as high as 92%,

and most of the patients could get timely diagnosis according to

the characteristics of immunohistochemistry (5). This study

firstly used the SEER database to analyze the clinical and

prognostic data of the largest cohort of thymic lymphoma and

reported the incidence and mortality of the disease.

A total of 233 patients with primary thymus lymphoma were

retrieved from the SEER database, of which six cases were dead

at diagnosis and two cases lost follow-up. The incidence of

thymic lymphoma remained extremely low, about 2.032 per 10

million (95% CI: 1.777–2.312), and it occurred most commonly

among middle-age and young adults. Furthermore, a relatively

small number of patients were more than 50 years old. It was

shown that the number of female patients (127, 56.4%) was

slightly more than that of males (98, 43.6%), and the prognosis

of females was better than that of males. As for lymphoma types,
A B

DC

FIGURE 2

Kaplan–Meier survival curves and log-rank tests for 225 patients with thymic lymphoma from the SEER Research Data with 9 Registries (1975–2018).
(A) KM survival curves of all 225 patients. (B) KM survival curves grouped by Ann Arbor stages. (C) KM survival curves grouped by HL and NHL.
(D) KM survival curves grouped by histological classification.
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NHL (162,72.0%) was much more than HL (63,28.0%), and the

prognosis of NHL was worse than that of HL. Using univariate

and multivariate Cox regression analyses, we found that age and

pathologic type were independent prognostic factors. The risk of

worse survival outcome increased by 3% for each additional year

of age (HR = 1.03, 95% CI: 1.03–1.04, P < 0.001). Secondly,

compared with PTLBL, patients with sporadic pathological types

had a poor prognosis with a 3.71-fold increased risk (HR = 4.71,

95% CI: 1.16–19.22, P = 0.031).

Overall, patients with thymic lymphoma have a great

prognosis with a 5-year OS rate of 80%. The survival curve

declined rapidly in the early period with a large number of

deaths but tended to be stable after 5 years, indicating the

importance of early intervention for thymic lymphoma

patients. Besides, considering the rarity of the disease, a

limited number of patients we included could cause the much

fewer stage III and IV cases. Thus, it might be difficult to

accurately reflect the prognostic characteristics of the tumor,

and there were no statistical differences observed among survival

curves of each stage. HL had a significantly better prognosis than

NHL in our study, which was similar to lymphomas of other
Frontiers in Oncology 06
sites (15). Different pathological types could significantly affect

the prognosis of patients with thymic lymphoma (Figure 2D).

PTLBL showed the best survival outcome: the number of deaths

in the early period after diagnosis was much more than that in

the later. However, for the long-term outcome, the 5-year

survival rate could be up to 90%, and the risk of death in the

long-term follow-up was almost zero. It could be inferred that

PTLBL might be stable after the early treatment and have a low

risk of relapse.

In order to compare the effects of different treatments on

prognosis, we conducted survival comparisons among stage I

and II patients (Figure 3). There was no significant difference

between the surgery group and the non-surgery group (P =

0.270), but the radiotherapy group seemed better than that of the

non-radiotherapy group, although the difference was not

significant (P = 0.051). Next, we performed survival

comparisons among patients receiving surgery alone,

radiotherapy alone, and postoperative radiotherapy. It can be

found that patients receiving radiotherapy alone or

postoperative radiotherapy demonstrated better survival than

those receiving surgery alone, which suggested that surgical
A B

DC

FIGURE 3

Kaplan–Meier survival curves and log-rank tests for patients with thymic lymphoma (Ann Arbor stage I and II) in different subgroups. (A) KM
survival curves of patients with thymic lymphoma comparing No surgery and Surgery. (B) KM survival curves of patients with thymic lymphoma
comparing No radiation and Radiation. (C) KM survival curves of patients with thymic lymphoma comparing No chemotherapy and
Chemotherapy. (D) KM survival curves of patients with thymic lymphoma comparing Only surgery, Only radiation and Radiation after surgery.
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resection alone might have limited effects on survival among

thymic lymphoma patients. However, radiotherapy may

significantly affect the survival of Ann Arbor stage I and II

patients. In addition, most of these patients received

chemotherapy, and the chemotherapy group indeed showed

much better survival than the non-chemotherapy group. In

conclusion, surgical treatment may have limited efficacy on

patients with thymic lymphoma, while both radiotherapy and

chemotherapy may be more effective and important.

There are also some limitations that should be noted in this

study. The analyses we performed were based on the

observational and retrospective data from the SEER database.

Thus, the data bias and patient heterogeneity could not be

totally avoided, but this study can provide some clinical

indications. However, considering the rarity of thymic

lymphoma, although there were only a limited number of

enrolled patients, detailed analyses and comparisons we

performed were valuable to provide references for the future

studies. This study also showed the largest cohort of thymic

lymphoma so far. Besides, clinical information from the SEER

database was limited, and a series of important clinical

characteristics are unavailable such as immunohistochemical

characteristics and details of treatments. Specifically, we

generally choose the initial chemotherapy regimen based on

the treatment of other primary sites of lymphoma. With the

advancement of precision medicine, however, the more

effective therapeutics will be developed.

In conclusion, this is the first study to report the incidence

and mortality of thymic lymphoma in a largest cohort of thymic

lymphoma patients. Univariate and multivariate Cox regression

analyses indicated that age and pathological type were

independent prognostic factors. In terms of treatment, for Ann

Arbor stage I and II patients, surgical treatment has limited

effects on OS, while both radiotherapy and chemotherapy may

improve survival outcome.
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