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REVIEW ARTICLE
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To irradiate or not to irradiate to avoid radiation induced
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Summary

Purpose: The purpose of this study was to present the con-
troversial role of adjuvant radiotherapy to a 72-year-old
male patient with Masaoka stage II thymoma and coro-
nary artery bypass and to review the relevant literature.

Methods: The data were collected by relevant studies on
PubMed and EMBASE. Articles up to March 2017 were in-
cluded.

Results: Although the radiation-induced vascular injury to
the internal thoracic artery and its suitability for grafting
in a patient who is candidate for coronary artery bypass is
documented, the possible catastrophic effect of adjuvant ra-

Introduction

Thymoma is an uncommon malignancy (1.5
cases/million) with an overall incidence of 0.13 per
100,000 person-years in the USA [1,2]. The 5-year
survival rate is about 78% [3]. Although surgery
remains the main therapeutic modality, adjuvant

diotherapy to existing grafts in a patient with prior bypass
surgery has not been fully investigated.

Conclusion: The application of radiotherapy in a patient
with RO stage II thymoma is currently considered of 2B lev-
el of evidence but its potential occlusive effect to an under-
lying coronary graft may dramatically affect the survival
of the patient and accordingly drop the level of evidence of
its use.

Key words: coronary artery bypass, radiotherapy, thymo-
ma, vascular injury

radiotherapy (RT) has also been recommended in
order to reduce the rate of local and regional re-
lapse after incomplete or complete resection [4-8].
According to the current NCCN Guidelines crite-
ria (v. 3.20106), the application of postoperative RT
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in a patient with RO stage II thymoma is consid-
ered 2B level of evidence [9]. Of note, vascular in-
jury to vessels after RT has been well described in
literature [10]. RT’s potential occlusive effect to an
underlying coronary graft may affect the survival
of the patient. To irradiate or not to irradiate? This
all common therapeutic dilemma which is applied
in most oncologic patients seems to become clear
when oncologists follow the current NCCN guide-
lines and/or well established therapeutic proto-
cols. Nevertheless, the balanced decision towards
or against the application of adjuvant mediastinal
RT in a patient with underlying arterial and vein
coronary grafts has not been studied in detail in
the existing literature.

Herein, we present a patient with Masaoka
stage II thymoma after complete tumor resection
to determine the role of adjuvant RT and the pos-
sible acute and chronic effects of RT on the vascu-
lature of arterial and vein coronary graft.

Case presentation

A 72-year-old male patient was referred to the
cardiothoracic department of Hippokration Uni-
versity Hospital, Athens, hemodynamically unsta-
ble with the diagnosis of triple vessel disease and
anterior mediastinal tumor diagnosed with chest

Figure 1. Anterior mediastinal tumor (arrow) diagnosed
with preoperative chest x-ray.

JBUON 2017; 22(6): 1386

x-ray (Figure 1). Due to his critical condition fur-
ther CT exams were considered as time-consuming
and therefore, the patient was prepared for emer-
gency coronary artery bypass (CABG) surgery and
excisional biopsy of the tumor, if possible. Written
informed consent was obtained by the patient. Af-
ter sternotomy a large, bulking, solid, capsulated
tumor was found in the exterior right pericardial
aspect (Figure 2). The mass was compressing exte-
riorly the right ventricle mimicking the pathology
of tricuspid valve stenosis. Its complete excision
was successful (Figure 3) and metallic clips were
placed at the bed of its resection. The following
CABG operation was completed in the standard
fashion with the use of extra corporeal circulation,
cooling of the patient in 34°C and without use of
heart-lung suction to avoid any possible spillage
of neoplasmatic cells into the circulation. The left
anterior descending artery was bypassed with the

Figure 2. The excision of the spherical mass was not chal-
lenging and the right phrenic nerve was preserved.

Figure 3. The intraoperative findings. After the excision
of the thymoma, the right coronary artery to posterior de-
scending artery graft was running through the bed of the
tumor resection and its direct radiation was considered
unavoidable in case of radiotherapy.
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left interior thoracic artery and the posterior de-
scending artery was bypassed with a saphenous
vein conduit with part of its course running the
bed of the resection. The patient experienced an
uneventful recovery and was discharged home on
the 6% postoperative day. The permanent sections
(Figure 4) set the diagnosis of stage II thymoma

Figure 4. A: The permanent sections set the diagnosis of
thymoma type A-AB with predominantly T lymphocytes
and few B lymphocytes (original magnification x100).
B: Islands of thymoma cells (KER 5/6 positive, x200).
C: Thymoma type A-AB with few B lymphocytes (CD20
positive, x100).

and the adequate resection margins were proven
microscopically and with positron emission to-
mography (PET) as well. The patient was referred
to the radiation oncologists in order to review the
operative findings and determine the target vol-
ume at risk.

Discussion

The delivery of adjuvant RT in a patient who
has undergone coronary surgery raises two major
concerns: the radiation-induced vascular injury
(RIVI) to the existing grafts and the acceleration
of the progression of the coronary artery disease
itself. The radiation-induced vascular injury has
been demonstrated in various studies but, con-
cerning the coronary conduits, little is known. The
possible mechanisms of RIVI are the following: a)
Ischaemic necrosis due to occlusion of the vasa
vasorum (blood supply of the large vessels, locat-
ed in the outer arterial wall layer of adventitia). b)
Extrinsic compression because of the adventitial
fibrosis. c) Acceleration of classical atherosclerotic
process [11]. d) Necrosis and fibrosis in the me-
dia and adventitia layers as a sequence of inflam-
mation of endothelial cells [12]. The time interval
from RT represents a significant risk factor related
to RIVL

The role of adjuvant irradiation for invasive
thymomas has not been evaluated in a prospective
randomised trial [13], however RT can be consid-
ered after a RO resection in case of capsular in-
vasion (category 2B recommendation) [9,14-18].
This arguing therapeutic effect has to be balanced
against the probable sacrifice of the underlying
coronary grafts. Obviously the more important
the jeopardised from RT graft (e.g. a left internal
thoracic artery to the left anterior descending
coronary artery), the weaker the indication for ir-
radiation. Nevertheless, no studies have investi-
gated the radiation resistance of vein vs arterial
grafts or that of a skeletonised vs a pedicled mam-
mary graft. In a metanalysis that included the data
from 592 staged II or III thymic epithelial, com-
pletely resected cases, there was no statistically
significant difference in recurrence after adjuvant
RT (odds ratio 1.05; 95% confidence interval: 0.63
to 1.75; p=0.840) [14]. Based on the results of this
study we concluded that there was no indication
for RT in our patient despite the fact that the jeop-
ardised graft was of secondary importance (vein
graft to a co-dominant right coronary artery). To-
wards our decision for a “watchful waiting” policy
against RT was also the small time interval be-
tween the operation and the delivery of RT. The
more recent the operation, the more vulnerable

JBUON 2017; 22(6):1387



1388

Thymoma and coronary artery bypass

are the underlying conduits and the anastomosis
to the RT due to the potent inflammatory proce-
dure. We estimated that the fibrosis of the vein
graft and anastomotic stricture would be acceler-
ated if we would administer RT even in low doses.
On the other hand, waiting for a rational period of
six months or more for the traumatic anastomotic
edges to be healed and complete the endothelisa-
tion before RT was considered as unreasonable.
All thymoma patients should be treated with mod-
ern techniques such as 3D-conformal RT (3DCRT)
or intensity modulated RT (IMRT) in order to
improve the dose distribution and minimize the
dose to the adjacent critical structures such as the
underlying coronary conduits [9]. The target vol-
umes should be defined according to the Interna-
tional Commission on Radiation Units and Meas-
urements (ICRU) report 83 [19-21]. The clinical
target volume (CTV) should encompass the tumor
bed area, delineated by the surgical clips and any
potential site of microscopic disease. Clips placed
at the time of surgery denote the extent of resec-
tion in completely resected tumors and are useful
in guiding postoperative irradiation. The planning
target volume (PTV) must consider the margin of
set up error covering inaccuracies of everyday po-
sitioning (Set-up) and those derived from the in-
ternal organs movement. High-energy (>10 MV)
x-rays are preferred for RT and CT scan is neces-
sary for adequate treatment planning. Respiratory
movement is a major problem and the position of
the tumor within the thorax can change the PTV
margins. The more peripheral tumors are likely
to move more with respiration than adjacent to
or invading the mediastinal tumors. If a fourdi-
mensional treatment-planning CT (4D-CT) is used,
internal target volume (ITV) can be determined,
which accounts for tumor motion. In 4D-CT it is
possible to plan for RT-coordinated breathing con-
trol, wherein the patient is treated only during a
particular phase of the breathing cycle. 4D-CT al-

References

1. Proceedings of the First International Conference on
Thymic Malignancies. August 20-21, 2009. Bethes-
da, Maryland, USA. ] Thorac Oncol 2010;5(10 Suppl
4):259-370.

2. Engels EA. Epidemiology of thymoma and associated
malignancies. ] Thorac Oncol 2010;5(10 Suppl 4): 260-5.

3. Masaoka A. Staging system of thymoma. ] Thorac On-
col 2010;5(10 Suppl 4):5S304-12.

4. Blumberg D, Port JL, Weksler B et al. Thymoma: a

JBUON 2017; 22(6): 1388

lows better sparing of normal critical structures
like vessels and graft. The contouring of the heart
will be along with the pericardial sac. The base
will begin at the level of the inferior aspect of the
pulmonary artery passing the midline and extend
inferiorly to the heart’s apex [22]. The great ves-
sels should be delineated using mediastinal CT
windowing to correspond to the vascular wall and
all muscular layers out to the fatty adventitia (5
mm from the contrast enhanced vascular wall).
The great vessels should be contoured starting
at least 3 cm above the PTV’s superior extent and
continuing to at least 3 cm below the PTV’s infe-
rior extent. PET/CT helps distinguish tumor from
mediastinal structures or collapsed lung and de-
creases the interobserver and intraobserver vari-
ability in target delineation.

Conclusions

Chronic radiation vasculopathy from RT is
characterized by increasing rates of hemody-
namically significant stenosis with time. Disease
expression is the consequence of the combined ra-
diation lesion to the intima media (endothelium)
and the vasa vasorum (adventitia). Occlusion of
the existing grafts may occur which could af-
fect the survival of the patient while the benefits
from RT are not well established. Further studies
should ensue to compare the RT resistance of sa-
phenous vein and various types of arterial grafts.
The administration of RT in a patient with RO
stage II thymoma and prior coronary surgery is
not advisable. RT is shown to be associated with
better OS for stage IIB to III disease and positive
margins but there is no evidence from randomized
studies [23].
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