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Abstract

Purpose: Thymic malignancies are the most common anterior mediastinal tumors.

Advanced thymic carcinoma treatment relies on chemotherapy and definitive radiation

therapy when possible. However, pericardial involvement is problematic for radiation

therapy treatment planning owing to significant cardiac radiation exposure. We report the

first case of definitive proton beam therapy (PBT) for an advanced thymic carcinoma with

pericardial invasion.

Materials and Methods: We report the case of a 69-year-old patient treated with

definitive radiation therapy for a stage IVB thymic carcinoma with pericardial invasion.

Mean doses delivered to critical organs at risk were compared between deep inspiration

breath-hold (DIBH) volumetric modulated arc therapy (VMAT) and DIBH-PBT.

Results: When compared to DIBH-VMAT, DIBH-PBT reduced the mean doses

delivered to the heart by 3.72 Gy (19.0% dose reduction), to the right lung by 5.9 Gy

(41.7% dose reduction), to the left lung by 3.63 Gy (19.0% dose reduction), and to the

esophagus by 3.57 Gy (21.3% dose reduction). Despite an early mediastinal relapse

after 3.0 months, our patient is still alive after a 14-month follow-up, without any

radiation-induced cardiac adverse events and is undergoing pembrolizumab-based

immunotherapy.

Conclusion: Proton beam therapy is an option for definitive irradiation of thymic

malignancies invading the pericardium; in this situation, PBT reduces doses to the heart

and may help to reduce cardiotoxicity when compared with photon techniques.
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Introduction
Thymic malignancies are the most common anterior mediastinal tumors [1]. Optimal

management is based on complete surgical excision [2]. However, advanced thymic

carcinomas are mostly unresectable and their treatment usually relies on chemotherapy

possibly followed by definitive radiation therapy [2]. Yet, radiation therapy planning is

hazardous when pericardium is involved, since heart sparing is difficult and radiation-

induced cardiotoxicity consequently becomes a major concern. In this situation, precise

irradiation techniques are needed. In this article, we report the first case of definitive

proton beam therapy (PBT) for a stage IV thymic carcinoma with pericardial invasion.

Case Report
A 69-year old man was referred to our hospital with an anterior mediastinal mass. The

initial presentation was a dry cough. Computed tomography (CT) revealed a
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heterogeneous tumor filling the thymic space, sized 53 3 50 3 64 mm. Pericardium was involved, as evidenced by necrotic

nodules, effusion, and diffuse thickened parietal layer. In addition, a bilateral pleural effusion was visualized. 18-FDG

positron emission tomography (PET) showed mediastinal and left internal mammary lymph node involvement. No distant

metastasis was found. Computed tomography–guided biopsies yielded the diagnosis of invasive epidermoid carcinoma,

with CD117 and CD5 expression. The final clinical diagnosis was a stage IVB thymic carcinoma. The tumor was

considered unresectable and paclitaxel-carboplatin–based chemotherapy was recommended. After 3 cycles, CT

assessment showed a partial response, with tumor shrinkage by 70%. Despite reduced size, pericardial nodules and

initially enlarged lymph nodes were still detectable. After completion of 2 additional cycles of chemotherapy, definitive

radiation therapy was proposed.

A simulation CT scan was acquired with deep inspiration breath-hold (DIBH) for treatment planning purposes. DIBH

volumetric modulated arc therapy (VMAT) was initially planned to deliver 60 Gy to the mediastinal mass, to the visible

pericardial nodules, and to the left internal mammary chain. However, these target volumes were in direct contact with the

heart and the most conformal VMAT would have delivered significant doses to the heart (mean heart dose ¼ 19.38 Gy), to

the lungs (mean dose to the right lung ¼ 14.16 Gy, to the left lung ¼ 19.08 Gy), and to the esophagus (mean dose ¼ 16.8

Gy).

Proton beams deliver most of their energy nearby the end of proton courses, a phenomenon known as Bragg peak, and

allow low distant-to-target dose deposition when compared with megavoltage photon beams. Therefore, our patient

subsequently underwent PBT treatment planning (Figure 1). Spirometry-monitored DIBH-PBT was planned by using two 235-

MeV double-scattered beams to treat the planned target volumes to 60 Gy (RBE ¼ 1.1) in 30 fractions of 2 Gy during a period

of 6 weeks. Dose-volume histograms of DIBH-VMAT and DIBH-PBT plans are provided in Figure 2. Compared with optimal

DIBH-VMAT planning, DIBH-PBT allowed reduction of the mean dose to the heart by 3.72 Gy (15.66 Gy versus 19.38 Gy,

19.0% dose reduction), to the right lung by 5.9 Gy (8.26 Gy versus 14.16 Gy, 41.7% dose reduction), to the left lung by 3.63 Gy

(15.45 Gy versus 19.08 Gy, 19.0% dose reduction), and to the esophagus by 3.57 Gy (13.23 Gy versus 16.8 Gy, 21.3% dose

reduction). With the exception of grade 1 radiodermatitis, no acute radiation-induced adverse events were reported during

treatment.

After PBT completion, CT reassessment showed a thin thymic scar tissue without apparent pericardial nodules, lymph

nodes, or serous effusions. The patient was clinically asymptomatic. Local regional control was achieved for 3 months. A

planned PET-CT subsequently revealed 2 abnormal hypermetabolic foci involving the posterior pericardial wall and the

anterior superior mediastinum, the latter being an in-field recurrence. At the present time, after a 14-month follow-up, our

patient is alive without any radiation-induced cardiac adverse events and is undergoing pembrolizumab-based

immunotherapy.

Discussion
To our knowledge, this is the first described case of a definitive radiation therapy treatment for a thymic malignancy invading

the pericardium. In our case, a stage IVB thymic carcinoma with pericardial nodules, heart sparing was of foremost

importance. Proton beam therapy was preferred to VMAT technique for dosimetric considerations.

Definitive radiation therapy is a standard of care for locally advanced stage III-IVA thymoma [2]. Proton therapy, which

allows dose reduction to organs at risk without affecting coverture of the target volumes, has shown encouraging results in

the postoperative setting [3], but also as a preoperative treatment [4] facilitating surgical resection. A prospective cohort

study describing adjuvant and definitive PBT for thymic disease management was published in 2016 by Vogel et al [5].

Twenty-seven patients (median age, 56 years) with thymomas were treated by using PBT with a median prescribed dose of

63.6 Gy. This study reported low toxicities (no grade 3 event) and an excellent target coverage (99.3% of the target volumes

received 95% of the prescribed dose). Three-year regional control was 96%. Another prospective cohort study of 30 patients

(median age, 53 years) was published in 2019 by Mercado et al [6] and showed similar low rate of acute toxicities, mainly

dermatitis (37%) and cough (13%). In those 2 cohorts, few patients were treated with definitive proton therapy (6 of 27

patients in Vogel et al [5] and 4 of 30 in Mercado et al [6]). These patients had mostly stage III or IVA thymic disease. Stage

IVB thymoma is actually rare [2]. One case of a stage IVB thymoma treated with definitive PBT was reported by Vogel et al

[5]: For this patient, regional relapse occurred in pericardial lymph nodes after 7.9 months. Our patient, with a stage IVB

thymic carcinoma invading the pericardium, experienced an early in-field mediastinal relapse after 3.0 months. It should be

recalled that proton beam technique is very sensitive to uncertainties, such as range or motion uncertainty. DIBH was used
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to limit breathing-induced chest wall motion, which uncertainty could have resulted in target underdosing. However, owing to

spatial proximity between the heart and the target volume, cardiac motion might have led to geographic miss by the proton

beams. In this context, relying on electrocardiography-gated 4-dimensional CT while planning PBT could be clinically

beneficial. Overall, these observations tend to show that local regional control of stage IVB thymic malignancies remains

challenging, even using optimal PBT combined with chemotherapy.

However, in our case, PBT followed by immunotherapy led to prolonged disease control, possibly suggesting synergistic

interaction between radiation therapy and immunotherapy, as observed in other cancer types such as head and neck

squamous cell carcinoma or non–small cell lung cancer.

In our case, irradiation pattern was complex because of pericardium involvement. Our clinical target volume had to

include pericardial malignant nodules, which were directly adjacent to the heart. Static or rotational intensity-modulated

Figure 1. Comparison

between DIBH volumetric

modulated arc therapy

planning (A) and DIBH double-

scattering proton beam

therapy planning (B). The GTV

is delineated in red (on this

simulation CT scan slice, a

malignant pericardial nodule is

visible); the CTV is delineated

in orange; the heart is

contoured in pink.

Abbreviations: CT, computed

tomography; CTV, clinical

target volume; DIBH, deep

inspiration breath-hold; GTV,

gross tumor volume.
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radiation therapy (IMRT) techniques were considered not conformal enough to limit heart irradiation and we thought that

proton therapy would be a more appropriate treatment modality to limit cardiac toxicities, which could include pericarditis,

congestive heart failure, heart infarct, valvulopathies, and rhythmic troubles [7]. It has been shown that mean heart dose is

significantly associated with grade �3 radiation-induced cardiotoxicity risk for lung cancer irradiation [8] and that the

irradiated cardiac volume correlates with the severity of heart perfusion defects [9]. Owing to the radiobiological properties of

proton beams, PBT demonstrated a substantial dosimetric benefit for cardiac sparing when compared with conventional

photon radiation therapy for thymoma treatment, which may consequently result in fewer cardiac adverse events: 2

retrospective dosimetric studies comparing PBT versus IMRT for adjuvant thymoma irradiation reported a relative mean

heart dose reduction of 36.5% to 42.5% [3, 10]. In our case, PBT treatment resulted in a 19% mean heart dose reduction

from 19.38 Gy to 15.66 Gy. It should be noted that this mean heart dose is substantially higher than what has been observed

in the cohort of Vogel et al (9.616 Gy) [5]. However, this observation was expected because malignant pericardial nodules

were in direct contact with the heart and had to be included in the target volumes. Consequently, it follows that further heart

sparing would have probably been arduous, regardless of the irradiation technique.

Most publications on PBT for thymic diseases report double-scattering (DS) techniques. Pencil-beam scattering (PBS)

for thymoma is still rare and has been seldomly published [6]. Pencil-beam scattering has tended to become a standard of

care for proton therapy worldwide: it increases conformity and uniformity in target coverage. A PBS plan for our patient has

been retrospectively re-planned and is provided in Figure 3. Nevertheless DS usually tends to exhibit smaller lateral

penumbra than PBS [11], which is worthwhile when sharp dose gradients are needed for precise irradiation. We took

advantage of spirometry-controlled DIBH, to further limit nontarget irradiation and reduce heart toxicity. DIBH-PBT has

been shown to decrease exposure of organs at risk and mean heart dose for mediastinal lymphoma irradiation [12]. Further

dosimetric comparisons between PBS and DS, with or without DIBH, are needed to define the optimal technique for thymic

proton therapy.

Figure 2. Dose-volume histograms of VMAT and DS PBT plans. Symbol legend: triangles – DS PBT; squares – VMAT. Color legend: orange – PTV;

pink – heart; dark green – left lung; light green – right lung. X-axis: dose (Gy). Y-axis: relative volume (%). Abbreviations: DS, double-scattering; PBT,

proton beam therapy; PTV, planned target volume; VMAT, volumetric modulated arc therapy.
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Conclusion
Proton beam therapy is an option for definitive irradiation of thymic malignancies invading the pericardium. In this situation, PBT

reduces doses to the heart and may help to reduce cardiotoxicity when compared with photon radiation therapy techniques.
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