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Background: Radiotherapy for thymic malignancies is technically challenging due to their close proximity 
to the heart, lungs, esophagus, and breasts, raising concerns about significant acute and late toxicities from 
conventional photon radiotherapy. Proton therapy (PT) may reduce the radiation dose to these vital organs, 
leading to less toxicity. We reviewed the dosimetry and outcomes among patients treated with PT for thymic 
malignancies at our institution.
Methods: From January 2008 to March 2017, six patients with de novo Masaoka stages II–III thymic 
malignancies were treated with PT on an IRB-approved outcomes tracking protocol. Patients were 
evaluated weekly during treatment, then every 3 months for 2 years, then every 6 months for 3 more years, 
and then annually for CTCAE vs. four toxicities and disease recurrence. Comparison intensity-modulated 
radiotherapy (IMRT) plans were developed for each patient. Mean doses to the heart, esophagus, bilateral 
breasts, lungs, and V20 of bilateral lungs were evaluated for the two treatment plans.
Results: At last follow-up (median follow-up, 2.6 years), there were two patients with recurrences, 
including metastatic disease in the patient treated definitively with chemotherapy and PT without surgery 
and a local-regional recurrence in the lung outside the proton field in one of the post-operative cases. No 
patients with de novo disease experienced grade ≥3 toxicities after PT. The mean dose to the heart, lung, and 
esophagus was reduced on average by 36.5%, 33.5%, and 60%, respectively, using PT compared with IMRT 
(P<0.05 for each dose parameter). 
Conclusions: PT achieved superior dose sparing to the heart, lung, and esophagus compared to IMRT 
for thymic malignancies. Patients treated with PT had few radiation-induced toxicities and similar survival 
compared to historic proton data.
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Introduction

Thymic cancers, including thymoma and thymic carcinoma, 
are the most common primary malignancy in the anterior 
mediastinum (1). Thymoma is the dominant type with 
an indolent natural course of disease and a long survival 
often extending over 10 years (2). Despite its rarity, several 
large meta-analyses of cohort studies have been published 
demonstrating improved survival rates by the addition of 
postoperative external-beam radiotherapy (EBRT), especially 
for incompletely resected (3), locally advanced (3-5), or 
phenotypically aggressive thymic cancer (6). In a surgically 
inoperable situation, EBRT with chemotherapy also proved 
useful in producing a durable local control and, in some 
cases, converting the tumor into an operable one (7).

The primary challenge for using EBRT for thymic cancer 
is radiation toxicity to vital intrathoracic organs such as the 
heart, lungs, and esophagus. Furthermore, the younger age 
of onset of thymomas, 40–60 years of age, and excellent 
survival outcome under current multimodality treatment, 
means radiation-induced second malignancies have been of 
concern for survivors (8,9). Although few studies exist on 
radiation dose and toxicities among thymomas, much data 
can be extrapolated from studies of mediastinal irradiation 
in lymphoma, for which a wide range of acute and late 
pulmonary and cardiac toxicities have been described, 
including radiation pneumonitis, pericarditis, congestive heart 
failure, valvular disease, and myocardial infarction (10-13).  
Additionally, studies of locally advanced non-small cell lung 
cancer have demonstrated a correlation of heart dose to 
patient survival (14,15). In fact, the National Comprehensive 
Cancer Network (NCCN) guidelines for thymomas 
suggest the mean total dose to the heart should be as low as 
reasonably achievable to potentially maximize survival (16).

Conventional photon-based radiotherapy, including intensity-
modulated radiotherapy (IMRT), is limited by its inability to 
spare most of the heart and lungs from radiation when targeting 
the anterior mediastinal compartment. In comparison, proton 
therapy (PT) has demonstrated dosimetric advantages compared 
to IMRT in case reports and small case series. Here we report 
dosimetric and clinical outcomes of six consecutive patients 
with thymic malignancies who were treated with PT at our 
institution under a prospective protocol. 

Methods

Patient selection and follow-up

From January 2008 to March 2017, six patients with de novo  

thymic malignancies were treated with postoperative or 
definitive PT after consenting to a prospective institutional 
review board-approved outcomes tracking protocol at the 
University of Florida Health Proton Therapy Institute. 
The study was conducted in accordance with the Helsinki 
Declaration. Two patients treated early on received part of their 
treatment with photons, while the other four received just PT.

Clinical outcomes, pathology, treatment dose, acute 
toxicities, and follow-up information were analyzed. 
Baseline patient, disease, and treatment characteristics are 
listed in Table 1. Follow-up was weekly during PT treatment 
and then at the discretion of the treating physician, but 
recommended for every 3 months for 2 years, then every  
6 months for an additional 3 years, and then annually. 
Patient follow-up time was calculated from the PT start 
date to the date of last follow-up. 

Radiation treatment planning

All  pat ients  underwent  4-dimensional  computed 
tomography (CT)-based treatment simulation and planning, 
with the exception of one patient who was treated with the 
breath-hold technique. CT simulation was completed in 
the supine position with arms extended above the head. 
If available, diagnostic positron emission tomography 
(PET)-CT images were fused with simulation CT scans 
for preoperative tumor volume delineation. Gross tumor 
volume (GTV) was defined as radiographic disease at the 
time of diagnosis. Clinical target volume (CTV) was defined 
as the postoperative bed or GTV +5 mm for definitive cases. 
The internal target volume was defined as the CTV on the 
10 phases of the 4-dimensional CT scan or for one patient 
who underwent treatment with breath-hold, was a 5-mm 
superior-inferior margin on the CTV. Finally, the internal 
target volume was uniformly expanded by 5 mm to create 
the planning target volume (PTV). Normal structures 
contoured included the heart, lungs, esophagus, and breasts 
for female patients.

All patients had PT plans generated with a passive-
scattering system. Both PT and IMRT plans were generated 
for all patients. Both treatment plans were designed to 
optimize tumor (PTV) coverage and minimize exposure to 
normal structures. All IMRT and PT plans were required to 
have at least 95% of the PTV covered by the prescription 
dose and 99% of the PTV receiving at least 93% of the 
prescription dose while no hot spot received over 120% of 
the prescription doses. The following normal tissue toxicity 
constraints were used when generating the treatment plans: 
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the hard constraint was 0.1 cm3 of the spinal cord receiving 
a maximum of 50 Gy; other relative constraints included a 
mean dose to the bilateral lungs receiving a maximum of 20 
Gy, bilateral lung V20 maximum of 30%, mean heart <15 Gy, 
and mean esophagus dose <35 Gy. There were no predefined 
dose constraints for breast tissue. Doses to female breasts 
were evaluated on an individual basis according to patient age 
with higher priority given to breast dose for younger patients.  

Dosimetric analysis and statistical analysis

Dose-volume histograms (DVH) were generated from 
each IMRT and proton plan for target volumes and normal 
structures, including the heart, esophagus, bilateral breasts, and 
lungs. The mean doses for these structures and the bilateral 
lungs V20 were calculated using Eclipse Treatment Planning 
System (Varian Medical Systems, Palo Alto, CA, USA). These 
dosimetric datasets (one from the IMRT plan and the other 
from a proton plan for each patient) were compared using a 
two-tailed paired t-test; a P value ≤0.05 being significant. 

Toxicities

All acute toxicities were graded per the Common Terminology 
Criteria for Adverse Events (CTCAE) version appropriate at 
diagnosis and treatment, and then retrospectively re-graded 
using CTCAE, v4, for the present study.

Results

Treatments

Among the six patients treated with PT for thymoma, two 
received part of their treatment with photon radiation and 
four received just PT. The median age at diagnosis was  
59.5 years (range, 23–74 years), two patients had Masaoka 
stage II disease, and four had stage III. One patient 
was treated with definitive PT and five were treated 
postoperatively. All patients who underwent a thymoma 
resection had positive surgical margins (R1 or R2 resection) 
on final pathology. The median PT dose was 60 Gy (RBE) 
(range, 54–70 Gy). 

Clinical outcomes

The median follow-up was 2.6 years (range, 0.8–4.9 years) 
and the local control rate was 100%. At last follow-up, 
two patients developed recurrences out of field, including 
one in the lung and liver and the other within the lung. 
Both of these patients died, one of disease 44 months 
following treatment, while the other died of pre-existing 
co-morbidities 58 months following treatment. These were 
also the two patients who received combination photons 
and protons. 

 No patients with de novo disease experienced grade ≥3  
toxicities after PT. Five patients developed grade II radiation 
dermatitis. One patient developed grade II esophagitis. 

Dosimetric comparison

Representative colorwash dose distributions for PT and 
IMRT are depicted in Figure 1. Compared with the IMRT 
plans, the PT plans on average reduced the mean heart 
dose by 36.5%, mean lung dose by 33.5%, and lung V20 
by 27.7%, all of which were significant (Table 2). The mean 
doses to the bilateral breast tissue were calculated in four 
female patients. The PT plan was superior in sparing breast 
tissue doses in only two patients, while the IMRT plan was 
better in the other two patients. 

Table 1 Patient and treatment characteristics for thymoma patients 
(N=6)

Characteristic Value

Sex

Male 2

Female 4

Median age [range], years 59.5 [23–74]

Masaoka stage, n [%]

I 0

II 2 [33]

III 4 [67]

IV 0

Radiotherapy approach, n [%]

Definitive proton therapy 1 [17]

Postoperative proton therapy 5 [83]

Median radiotherapy dose, Gy 60 (RBE) (range, 54–70)

Surgical margins for post-op patients, n [%]

Negative (R0 resection) 0

Positive (R1 or R2 resection) 5 [83]

Adjuvant chemotherapy, n [%] 2 [33]

RBE, relative biological effectiveness.
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Discussion

Over the last few decades, while the role of EBRT in treating 
anterior mediastinal malignancies like lymphoma, thyroid 
cancer, and germ cell tumors has been diminishing (17),  
EBRT remains a critical part of the standard of care 
for advanced stage thymoma and thymic carcinoma (6). 
However, using EBRT to treat thymoma requires great care 
with consideration of the risks of acute and late side effects. 
In a prospective phase II study on induction chemoradiation 
for unresectable thymic cancers, 77% of patients achieved 
R0 resection after induction therapies at the expense of 

41% experiencing acute grade 3 and 4 toxicities, including 
cardiac arrest (7). 

EBRT for anterior mediastinal malignancies has been 
technically challenging due to its close proximity to vital 
organs such as the breasts, lungs, heart, and esophagus, 
damage to which can result in numerous acute and late 
radiation-related side effects. PT has long been investigated 
in treating mediastinal disease such as lung cancer and 
lymphoma. The dosimetric advantages and favorable toxicity 
profiles of PT treatment have been reported (18-20) and, in 
the case of lymphoma, collectively summarized in a recent 

Figure 1 Representative color wash dose distribution of PT (left) and IMRT (right) for a patient receiving 60 Gy, due to positive margin. 
PT, proton therapy; IMRT, intensity-modulated radiotherapy; A, anterior; R, right; P, posterior; L, left; H, head; F, feet; ISO, isocenter; 
UFPTI, University of Florida Proton Therapy Institute.

Table 2 Dosimetric comparison of critical organ doses between proton therapy (PT) and intensity-modulated radiotherapy (IMRT)

Critical organ
Mean dose (range), Gy

Dosimetric improvement P value
PT IMRT

Heart 15.3 (7.5–25.9) 22.8 (15–31.4) 36.5% (6–55%) 0.0016

Esophagus 12.3 (1.6–27.4) 27.6 (14.3–36.5) 60.0% (23–91%) 0.0004

Breast 5.4 (1.7–9.7) 10.1 (1.1–19.1) 10% (−54–81%) 0.2731

Lung 10.9 (4.9–16.9) 16.0 (11.5–21.6) 33.5% (6–57%) 0.0070

Lung V20 20.3% (10.1–30.9%) 27.9% (20.9–42.6%) 27.7% (0–53%) 0.0287

PT, proton therapy; IMRT, intensity-modulated radiotherapy.
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review from the Particle Therapy Cooperative Group (20).  
Yet, owing to the rarity of thymic malignancies, only a few 
case reports and small series have been published on the use 
of PT for thymic tumors (21-23). Parikh et al. evaluated the 
dosimetric differences between a 3-dimensional conformal 
PT plan and a volume-modulated arc therapy photon plan 
for four thymoma cases treated with curative intent. The 
proton plans consistently delivered lower mean doses to 
the lung, esophagus, and heart. In particular, the mean 
heart dose was 6 Gy for the proton plans, a relative 42% 
reduction compared to the volume modulated arc therapy 
plans. Similarly, a 43% reduction in mean lung dose and 
74% reduction in mean esophageal dose were reported 
using PT (22). Vogel et al. reported similar dosimetric 
advantages using PT (23). In the present study, we found 
36.5% reduction of the mean heart dose, 60% reduction 
of the mean esophagus dose, 33.5% reduction in the mean 
lung dose, and 27.5% improvement in lung V20. Doses to 
the heart, lung, and esophagus from the PT plans observed 
in the present study were similar to other studies, as 
demonstrated in Table 3. 

Given the sparse data on thymomas and thymic cancers, 
we must look to studies analyzing more common thoracic 
malignancies to inform our understanding of how PT can 
reduce the radiation dose to the organs at risk in patients 
with thymoma. Several dosimetric studies on historic 

radiotherapy trials for mediastinal Hodgkin lymphoma 
suggest that mean heart dose is correlated with an increased 
risk of late adverse cardiovascular events (13,25). Mean 
heart dose was also found to be significantly associated with 
increased cardiotoxicity among breast cancer patients (26) 
and lung cancer survivors with locally advanced disease (14).  
According to these studies, the average relative risk of 
cardiac events increases by 1.5% to 7.4% for every 1 Gy 
increase in mean heart dose; more importantly, there 
appears to be no minimally safe mean cardiac dose for breast 
or intrathoracic irradiation involving the mediastinum 
(14,26,27). For example, in a combined analysis of 
prospective multicenter trials for locally advanced non-small 
cell lung cancer, a rate of 15% for grade 3 cardiotoxicities 
was reported among 125 enrolled patients. The study found 
a 7% increase of grade 3 cardiotoxicities within 2 years  
of radiotherapy for every 1 Gy increase in mean heart 
dose, corresponding to an absolute risk of 10% for grade 3  
cardiotoxicity with 23 Gy of mean heart dose among 
patients without prior cardiac history (14). Interestingly, 
had the patients in this study been treated with IMRT, the 
average mean heart dose would have been around 23 Gy, 
which could have resulted in a 10% grade 3 cardiotoxicity 
rate (21). By comparison, since the patients on average 
had a mean heart dose of 15 Gy with PT, the absolute risk 
would be roughly 5%, or reduced by about 50% based on 

Table 3 Summary of critical organ doses from available dosimetric studies for proton therapy (PT) with or without comparison to intensity-
modulated radiotherapy (IMRT) in the literature

Critical organ Parikh et al. (22) Vogel et al. (23) Vogel et al. (24) Present study

Mean heart dose (range), Gy

PT 6.0 (N/A) 9.6 (0.5–33.6) 9.9 (2.6–33.5) 15.3 (7.5–25.9)

IMRT 10.4 (N/A) N/A 18.2 (6.0–38.8) 22.8 (15–31.4)

Mean esophageal dose (range), Gy

PT 5.4 (N/A) 9.7 (0.0–46.5) N/A 12.3 (1.6–27.4)

IMRT 20.6 (N/A) N/A N/A 27.6 (14.3–36.5)

Mean lung dose (range), Gy

PT 4.6 (N/A) 9.4 (0.1–20.5) 8.5 (1.1–20.5) 10.9 (4.9–16.9)

IMRT 8.1 (N/A) N/A 11.8 (4.0–23.7) 16.0 (11.5–21.6)

Lung V20 (range), %

PT N/A 18.0 (0.0–38.0) 17 (0.0–37.0) 20.3 (10.1–30.9)

IMRT N/A N/A 21 (3.0–56.0) 27.9 (20.9–42.6)

N/A, not applicable; PT, proton therapy; IMRT, intensity-modulated radiotherapy.
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the predictive model of that report. Similarly, Vogel et al. 
estimated a relative 45% reduction in the risk of major 
cardiac events with PT compared to IMRT based on a 
predictive model developed for breast cancer patients (24).

Long-term thymoma survivors also face an increased risk 
of second malignancies, such as intrathoracic lymphoma and 
lung cancer (28,29). Secondary cancer from radiotherapy 
was best demonstrated in Hodgkin lymphoma patients 
treated before the 1990s where mediastinal irradiation 
employed a dose close to that for thymoma (40–50 Gy). 
For example, an early study revealed a 17% risk of second 
malignancies 20 years after radiotherapy, with a 77% rate 
of second solid cancer within or adjacent to the radiation 
fields, most commonly in the lung and breast (30). Since 
PT can reduce the radiation dose to the different organs, 
we would expect a reduction in risk in second cancers. In 
fact, Vogel et al. reported an estimated five fewer second 
malignancies per 100 thymoma survivors by treating them 
with protons instead of IMRT (23).

Clinical outcomes of patients with thymic malignancies 
treated with PT are sparse in the literature. However, early 
clinical outcomes with PT demonstrate an acceptable rate of 
disease control. At 2.6 years, our local control was excellent, 
and comparable to a single-institution prospective study 
by Vogel et al. reporting clinical outcomes of thymoma 
patients treated with PT at the University of Pennsylvania 
(Philadelphia). Their 3-year regional control and overall 
survival rates were 96% and 94%, respectively. 

Similar to our patients treated for de novo disease, Vogel 
et al. reported no grade 3 or greater acute toxicity. Only one 
patient with a history of two prior thoracic radiotherapy 
courses experienced grade 2 radiation pneumonitis. Other 
grade 2 toxicities included dermatitis (37%), fatigue (11%), 
and esophagitis (7%). Favorable acute toxicity profiles 
from PT were also reported by Parikh et al. Acute clinical 
toxicity outcomes for their four patients treated with PT 
for thymoma illustrated no grade 3 or greater toxicities. 
Radiation dermatitis was the only grade 2 toxicity reported. 

The present study has several limitations. First, the PT 
technique used in this study was 3-dimensional conformal 
double-scattered PT, which might be slightly inferior 
to the pencil-beam scanning (PBS) technique (31). PBS 
allows for modulated individual proton beams to improve 
normal-tissue sparing and reduce neutron contamination to 
a patient’s entire body (32). As the pencil-beam technique 
becomes more widely available, it will be possible to reduce 
the dose to breast tissue in future patients. Also, breast 
dose comparisons between IMRT and PT were difficult 

owing to the few number of female patients in the analysis 
(n=4) as well as their advanced age, which influenced the 
prioritization of heart dose over breast dose. Furthermore, 
in some cases, we saw huge reductions in mean breast dose 
>10 Gy when breast tissue wasn’t prioritized, while in other 
cases in which breast dose was prioritized the breast dose 
was a bit higher with protons. The findings of our study 
were also limited by the small number of enrolled patients 
and the short follow-up. While dosimetric studies and 
early clinical data have shown advantages with PT to treat 
intrathoracic malignancies, including thymoma and thymic 
carcinoma, individual proton centers have faced difficulty 
in accruing patients for single-institution studies (33). 
Therefore, future proton studies, especially those studying 
rare malignancies like thymoma, should involve multiple 
institutions.

In conclusion, when comparing PT to IMRT, we found 
significant dose-sparing to the heart, lung, and esophagus 
while achieving good local control with PT. Newer 
techniques such as PBS may help further reduce the breast 
dose.
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