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Abstract

Over the last few decades, advances in radiotherapy (RT) technology have improved delivery of
radiation therapy dramatically. Advances in treatment planning with the development of image-
guided radiotherapy and in techniques such as proton therapy, allows the radiation therapist to
direct high doses of radiation to the tumour. These advancements result in improved local regional
control while reducing potentially damaging dosage to surrounding normal tissues. It is important
for radiologists to be aware of the radiological findings from these advances in order to
differentiate expected radiation-induced lung injury (RILD) from recurrence, infection, and other
lung diseases. In order to understand these changes and correlate them with imaging, the
radiologist should have access to the radiation therapy treatment plans.

INTRODUCTION

Radiotherapy (RT) plays a central role in the management of thoracic malignancies
including lung, oesophageal and breast neoplasms as well as thymic epithelial neoplasm,
malignant pleural mesothelioma and lymphoma. Different RT techniques have been used to
plan and deliver radiation to the tumour including three-dimensional (3D) conformal RT
(CRT), intensity-modulated RT (IMRT), and stereotactic body RT (SBRT). One of the many
challenges of RT in thoracic neoplasms is directing the radiation dose to the target due to
tumour motion and anatomical change during treatment. More sophisticated RT
technologies, such as four-dimensional (4D) imaging permit an improvement in the
therapeutic goals of RT allowing the design of personalized treatment planning that delivers
adequate doses directed at the target while sparing the surrounding critical normal tissues
(1). More recent advances of proton therapy in thoracic oncology have the potential to
achieve higher target doses while improving sparing of normal tissues compared to 3D-CRT
or IMRT (2). With these advances in radiation imaging and treatment planning, there are
efforts to escalate treatment dosages in hopes of improving local control. The result in
escalating doses may lead to changes of the normal patterns of radiation-induced lung
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disease (RILD); therefore, it is essential that radiologists understand these newer techniques
and the impact of RILD.

This manuscript will describe the newer methods of planning and delivering RT along with
the alterations of traditional patterns of RILD to facilitate radiologist’s understanding of
these alterations.

BACKGROUND

lonizing radiation, used in RT, can be caused by electromagnetic or photon radiation (x-ray
and gamma-ray), as well as particulate radiation (alpha, neutron, proton and electron).
lonizing radiation causes electron ejection in its target, which loses its energy to the medium
in a scale correspondent to LET (linear energy transfer). A low-speed particle with multiple
charges has a high LET. In this regard, x-ray and gamma-rays are considered low-LET
ionizing radiation compared with proton and alpha particles, which are considered high LET
radiation. lons radicals produced in photon radiation decay rapidly, leading to production of
free radicals, which mediate cell damage. The mechanism for cell injury by high LET
radiation is direct DNA damage and not free radical formation. High LET transfer cause
more biological damage. Radiation-induced injury to cells always starts within milliseconds
with chemical changes at the atomic and molecular level. The critical target of radiation is
the DNA and cell membrane. Cellular effects range from acute cell death to defective
reproduction or reduced functional work. Usually, small doses may produce mitotic damage,
whereas larger doses are required for early cell death. Although injury takes place at the
time of radiation exposure, clinical expression of the injury may never occur if damage is
not extensive or may be expressed weeks, months, or even years after the event.

TREATMENT TERMINOLOGY AND RT PLANNING

Target volume delineation is essential to deliver a high precision radiation dose to the
tumour; particularly in lung cancer because the tumour may move outside the treatment field
during respiration. Therefore, appropriate margins are added to the treatment field to take
respiratory maotion into consideration. Radiologists should be aware of the nomenclature for
RT treatment plans in order to understand the treatment process. According to guidelines of
the International Commission on Radiation Units and Measurements reports (ICRU),
different volumes should be prescribed prior to RT (3). The gross tumour volume (GTV) is
obtained by outlining the margins of the visible tumour. The clinical target volume (CTV) is
an oncological concept and represents the possible presence of microscopic subclinical
disease around the lesion. The internal target volume (ITV) is defined as the union of target
motion and GTV and accounts for possible tumour movement during treatment, in
particular, due to patient’s respiration. Finally, the planning target volume (PTV) accounts
for set-up uncertainties and represents the effective and global treatment plan.

DOSE AND FRACTIONATION

Different biological parameters influence the response of tissues to RT and the ability to
recover from sub-lethal damage is proportional to dose rates and time. Increasing cell death
occurs by increasing the dose and/or decreasing the time interval between radiation delivery
(fraction). Normal tissues tend to repair faster than tumour cells and, therefore, fractionating
the treatment dosages is beneficial for re-population of normal tissues. Additionally,
fractionation allows tumour cells in a radioresistant phase of the biological cycle cell (S
phase or DNA synthesis) to move to a more radiosensitive phase (M or mitotic phase).
Likewise, hypoxic tumour cells that are radioresistant may re-oxygenate between fractions,
and become radiosensitive (4). However, fractionation may allow some tumour cells to
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repair or even some normal cells to become more sensitive and counteract the beneficial
aspects of fractionation (5).

External-beam RT in combination with concurrent platinum-based chemotherapy represents
an established treatment option for patients with unresectable locally advanced non-small
cell lung cancer (NSCLC; stage I11). A standard dose of 60 Gy, given in a single fraction per
day, 5 days a week, during 6 weeks was set by the Radiation Therapy Oncology Group
(RTOG) 73-01 study based on improved local control and improved survival compared with
lower total doses of 40 or 50 Gy given at 2 Gy per fraction (6). Subsequently, other
fractionation schedules are occasionally employed in unique situations, such as
hyperfractionation in small cell lung cancer and hypofractionation for stage 1/l NSCLC
where stereotactic approaches are employed (7). In hyperfractionation there is delivery of
more than one fraction in 24 h employing a dose per fraction of less than 1.8 Gy (8). In
hypofractionation there is delivery of a larger dose per fraction in fewer fractions, with a
dose per fraction exceeding 2.2 Gy, which is the basis of stereotactic body radiotherapy.
Accelerated fractionation refers to the intensity of the treatment over time in which the rate
of dose accumulation exceeds 10 Gy per week. One type of accelerated RT is called
continuous hyperfractionated accelerated RT (CHART), which combines hyperfractionation
and accelerated schemes in a 54 Gy treatment, given in three fractions a day, 1.5 Gy/day, for
12 days. Saunders and colleagues (9) compared the CHART scheme with standard RT and
demonstrated improved survival in NSCLC patients. Yet despite the encouraging data
regarding CHART, it has not been adopted in most parts of the world because randomized
trials have not shown a significant advantage when compared with conventional fractionated
treatment(10).

TREATMENT PLANNING IN THORACIC MALIGNANCIES

RT plays a central role in the management of NSCLC (Fig. 1a — b), and remains the only
non-surgical way of curing lung cancer. Although surgical resection remains the standard
and curative modality for the treatment of early-stage disease (stage I/11), definitive RT is
utilized in patients who are poor surgical candidates. Additionally, multimodality therapy,
including RT, is useful in patients with locally advanced NSCLC. In these cases, the
treatment plan involves the primary tumour and involved lymph nodes with associated
treatment plan margins (11). The patterns of RILD may be different than anticipated because
of this extended coverage.

Small-cell lung cancer is classically a chemosensitive tumour. Unfortunately 80% of
patients treated with chemotherapy may develop recurrent tumour. RT in limited-stage
small-cell disease is used to improve the local tumour control rate and patient survival, and
is actually shown to be superior to surgery (12-14). Radiation treatment portals include the
primary tumour and involved lymph nodes but may be extended to cover supraclavicular,
hilar, and mediastinal regions, resulting in multiple sites of RILD.

In patients with oesophageal cancer, treatment often consists of multimodality therapy either
after chemotherapy or in conjunction as chemoradiotherapy. Radiation alone may be a
viable option for patients with inoperable cancers who cannot tolerate chemotherapy.
Additionally, RT has been used as an adjuvant postoperative treatment in locally advanced
disease. The planning tumour volume is focused to the tumour, including a 5-6 cm margin
above and below the target to encompass the high-risk lymphatics (Fig. 1¢c — d) (15). It is
important to understand that protection of the spinal cord from radiation is critical to the
radiation oncologist, and therefore, the radiation beams are angled, sometimes in various
orientations to reduce radiation damage to the spinal cord.
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Head and neck planning radiation fields commonly involve the apical aspects of the lungs
and result in symmetrical or asymmetrical opacities. These should not be misinterpreted as
infectious process.

A combination of breast conservation surgery, sentinel lymph node biopsy, or axillary
lymph node dissection and RT has become the standard of care for early-stage breast cancer
(16). Treatment plans for breast radiation uses tangential beams to minimize damage to the
underlying lung. Typical findings are detected at computed tomography (CT) as
parenchymal opacities in the anterolateral aspect of the lung. Treatment may also include
coverage of the supraclavicular and internal mammary lymph nodes and will result in apical
and paramediastinal opacities, respectively (Fig. 1e —f).

RT has been used as an adjuvant treatment after surgery in patients with locally advanced
thymoma as well as in incomplete tumour resection (17), and as neoadjuvant therapy in
patients with advanced-stage disease and unresectable tumours.

Patients with malignant pleural mesothelioma have been treated with IMRT after
extrapleural pneumonectomy (18, 19). The treatment plan includes all of the pleural space
including the extension along the upper abdomen. The outer border of the liver will be
included in the treatment field and may produce an unusual pattern that should not be
confused with metastatic involvement (Fig. 1g — h) (20).

Lymphoma, including Hodgkin’s and non-Hodgkin’s disease, is a radiosensitive tumour.
Treatment planning includes all lymph nodes compartments above and below the diaphragm
with typical broad radiation lung damage of the apex and paramediastinal regions (21, 22).

PATHOPHYSIOLOGY AND CLINICAL FINDINGS

RILD has been classically described as having two phases; an acute phase and chronic phase
with the time interval to describe RILD calculated from the date of completion of RT (23).
The acute phase, referred to as pneumonitis, occurs 4-12 weeks after treatment is completed
(24-26) and the chronic phase, referred to as fibrosis, occurs several months after treatment
is completed and may progress slowly for months to years.

Capillary and epithelial cells are more susceptible to damage, and therefore, the acute phases
of pneumonitis are typically characterized by injury to small vessels and capillaries with the
development of vascular congestion and increased capillary permeability. Other findings in
pneumonitis include thickening of the alveolar—capillary space, exudation of proteinaceous
material into alveoli, infiltration of inflammatory cells and desquamation of epithelial cells,
which result in impairment of gas exchange. If the radiation injury is mild, these changes
may resolve. However, when the injury is severe, chronic changes of fibrosis will develop.
The histopathological appearance of fibrosis is dominated by fibroblasts proliferation,
progressive alveolar septal thickening, and progressive vascular sclerosis. Infrequently,
radiation damage can be manifested as organizing pneumonia, most commonly outside the
expected radiation field and representing an indirect injury possibly caused by a
lymphocyte-mediated hypersensitivity reaction or an immunological disorder (27).

The clinical symptoms of RILD are non-specific and proportional to the total radiation dose,
the volume of irradiated lung, and pre-treatment pulmonary function of the patient. If
chemotherapy has been added to multimodality treatment, there is an increased risk of
clinical symptoms (28, 29). Additional risk factors that may increase the degree of damage
include age, cigarette smoking, and pre-existing lung disease. The clinical symptoms are
reflective of the histopathological changes. In the acute phase, symptoms occur as early as 1
month after the beginning of RT and as late as 6 months after completion of treatment.
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Patients may present with increasing shortness of breath, dry cough, low-grade fever, and
chest pain secondary to the capillary leakage and congestion. It is important to note that
symptoms may develop before radiological changes. If treatment is needed, steroids,
oxygen, and supportive ventilation can be used. An abrupt interruption in steroid treatment
also may cause a relapse in acute pneumonitis. If the lung injury progresses, there is
development of the late phase of lung damage, represented by pulmonary fibrosis, which
typically appears 6 months after the completion of radiotherapy. Patients may be
asymptomatic or have variable degree of dyspnoea with severe cases progressing to chronic
cor pulmonale due to pulmonary hypertension. Other non-pulmonary effects of radiation
damage include oesophagitis, which can be mild to severe and usually worsening toward the
end of radiotherapy. Radiation pericarditis usually presents 6-9 months after RT and may
present as chest pain. Chronic cardiac abnormalities includes cardiomyopathy and coronary
artery disease(24).

USUAL RADIOLOGICAL MANIFESTATIONS OF RADIATION DAMAGE

The radiological appearance of RILD, which is better detected on CT than chest
radiographs, correlates with the histopathological features. Even though radiation
pneumonitis has been reported to occur with doses as low as 5 Gy(30), in general, lung
injury is not seen with doses below 20 Gy (31) and is most commonly seen in patients who
have received more than 40 Gy of radiation. Any thoracic tissue exposed to the radiation
therapy can develop radiological manifestations of radiation injury.

Acute pneumonitis manifests radiologically as ground-glass opacities or consolidation
within the irradiated lung approximately 3—-4 weeks after the completion of RT (Fig. 2).
Atypical findings are not uncommon and include a crazy-paving pattern (Fig. 3), which
refers to fine reticular lung opacities superimposed on areas of ground-glass pattern. In
addition, a central ground-glass opacity surrounded by a denser air-space consolidation
defined as a reversed halo sign may develop (Fig. 4). Radiation pneumonitis beyond the
radiation field is reported to occur, although is not usual (23). The pulmonary opacities of
pneumonitis can subside if the lung injury is limited; otherwise the changes progress into
those of the fibrotic phase. Radiation fibrosis manifests as consolidation, traction
bronchiectasis, architectural distortion, and volume loss that usually develops 6-12 months
after RT completion and stabilizes within 2 years (Fig. 5). Other thoracic structures may
develop changes due to radiation damage. Pleural effusions are frequently seen on CT
around 6 months after therapy (24). If there is a continuous increase in volume of pleural
effusion or if it develops after 6 months, a cytological evaluation may be needed to exclude
malignancy. Pericardial effusions occur within the first 3 years after therapy (32) and are
usually small and self-limited. Oesophagitis can appear as circumferential wall thickening at
CT and as a diffuse 2-[18F]-fluoro-2-deoxy-D-glucose (FDG) activity without focal
abnormality at positron-emission tomography (PET). Oncological patients treated with high-
dose RT may also develop oesophageal stricture (33). Additionally, irradiated muscle
included in the spectrum of the radiation beam, may also demonstrate inflammatory changes
detected as increased FDG uptake in PET studies (34).

DIFFERENTIAL DIAGNOSIS CONSIDERATIONS

Patients treated with RT usually are followed radiologically to assess for effects of radiation
treatment, to exclude recurrent tumour, and to detect superimposed lung disease. Correlation
with the radiation treatment plans, the type and course of radiotherapy, and previous
imaging studies for temporal correlation are important to correctly interpret the
manifestations of radiation damage. When radiological manifestations of radiation damage
are different from the expected patterns, it may be from an unusual manifestation of
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radiation injury, but other disease entities have to be considered. The most common disease
entities to consider in the differential diagnosis are infection and recurrent tumour. The
clinical presentation of infection and recurrent tumour may be non-specific and have
similarities to the effects of RT, and therefore, the radiological appearance may be useful in
differentiating these entities.

Because radiation pneumonitis generally starts 4-6 weeks after the radiation treatment is
completed, any lung opacity that occurs before completion of therapy may represent an
infectious process. Additionally, as radiation pneumonitis has a more indolent and slowly
progressive course than an infectious aetiology, an abrupt onset is suggestive of infection; an
exception would be recent discontinuation of steroid therapy(35). Other indications of
infection include lung opacities outside of the treated radiation areas (Fig. 6) or development
of centrilobular nodules in a tree in bud pattern (15, 35). The development of patchy and
migratory lung opacities is suspicious for organizing pneumonia (Fig. 7). Additional criteria
for organizing pneumonia diagnosis described in a study for breast cancer patients include:
(1) RT within the last 12 months, (2) general and/or respiratory symptoms lasting for at least
2 weeks, (3) discrepancy between the images and the symptoms, and (4) no evidence of a
specific cause, such as collagen vascular disease, drug toxicity, or allergic disease(36). The
development of cavitation within the radiation fibrosis may indicate an infectious process
including tuberculosis, but, unfortunately, post-RT lung necrosis (37) and recurrent tumour
may present with cavitation. Finally, one of the most important indications of superimposed
disease within the radiation fibrosis is the loss of bronchiectasis due to filling in of the
airways. This is usually secondary to infection or recurrent tumour, and thus, may require
bronchoscopic evaluation to determine the cause.

Local tumour recurrence usually occurs within 2 years after treatment ends, but it may be
difficult to detect radiographically because of the fibrotic changes within the irradiated lung.
As noted, filling in of the bronchiectatic airways can be an important indication of tumour
recurrence. Another indication of recurrence is an increase in the contour of the radiation
fibrosis border or development of a lobulate contour within the fibrosis (Fig. 8). The
evaluation for recurrent tumour within radiation fibrosis has been improved with the
utilization FDG PET-CT, because PET-CT can differentiate metabolic active tumour from
inactive post-radiation fibrosis (Fig. 9). The inflammation of radiation pneumonitis may
show increased FDG activity that may persist for months(38), and therefore, PET-CT is best
performed 6 months after treatment is completed(35). Even so, low-grade and diffuse FDG
activity within the treated lung may persist after radiotherapy, but findings of focal FDG
uptake is suggestive of residual or recurrent disease. One study by Bury et al. (38) included
126 patients with NSCLC who underwent CT and PET in the assessment of therapeutic
effects. In detecting residual or recurrent NSCLC, PET had a sensitivity of 100% and
specificity of 92%, whereas CT had a sensitivity and specificity of 71% and 95%,
respectively. An additional benefit of PET-CT imaging in post-radiation patients is that the
FDG activity can be helpful for guidance in lung biopsy, if needed. Findings of tumour
progression other than a change in the fibrosis include lymphangitic spread (nodular
interlobular septal thickening, peribronchovascular bundle involvement), new or enlarging
hilar/mediastinal lymph nodes and new or enlarging pleural effusion.

NEWER TYPES OF RT DELIVERY AND IMAGING

The main goal for RT planning and delivery is to achieve target delineations that result in
high therapeutic tumour doses with minimal toxicity to normal surrounding structures (1).
Older treatment technologies, such as two-dimensional (2D) radiation portals coupled with
lower energy treatment precluded high-dose treatments and often resulted in local
recurrences, especially in patients with NSCLC (39, 40). Improvements in delivery
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techniques such as 3D-CRT and IMRT resulted in improved local tumour control because
higher doses could be delivered without increasing toxicity (41-43). Modern 3D- CRT uses
a 3D image reconstructed from CT scanning data to determine the target volumes to be
treated. A computer planning system is used to design beam arrangements with a variety of
orientations that deliver maximal radiation dose to the tumour while limiting exposure to
normal structures.

When thoracic malignancies are treated with 3D conformal irradiation, RILD can manifest
in patterns different than those with older 2D treatment. Patterns have been described as a
modified conventional pattern, which shows volume loss, consolidation, and bronchiectasis,
similar to, but less extensive than, conventional radiation fibrosis, a scar-like pattern, which
accounts for linear opacity in the region of the original tumour, or a mass-like pattern (Fig.
10) (44). Radiation pneumonitis from these newer techniques can manifest as focal
consolidative opacities within the treatment port or also as poorly marginated and irregular
lung nodules (25, 45) (Fig. 11). In this specific scenario, metastatic disease is excluded as it
would be more likely to present outside of the radiation field rather than within the treated
lung.

The shape and distribution of lung damage will vary according to the type, location, and
extension of primary tumour and the corresponding beam arrangement used to encompass it.
An essential aide in understanding radiological manifestations of RILD is to review RT
treatment plans with dose distribution lines. The patterns of RILD on imaging should
correlate with the treatment fields and dosage, whereas disease outside of the treatment
fields likely indicates other entities, such as infection or malignancy. Additionally, as 3D
techniques may result in radiation being delivered through thoracic structures other than
typically seen in conventional delivery, correlation with treatment plans can prevent
radiologist from attributing RILD findings to other diseases. In some cases, there may be
RILD findings in ipsilateral or contralateral lobes from the primary tumour or in a
geographic orientation away from the site of the primary disease (Fig. 12).

In IMRT the radiation dose distributions are more conformal to the target with a steep fall in
the dose to the neighbouring normal tissues (46), thus sparing a large volume of normal
tissue and allowing highly accurate target coverage (Fig. 13). Murshed and Liao,*” in a
study of 41 patients with advanced stage NSCLC (stage 111-1V) demonstrated a 10%
improved target conformity of IMRT when compared to 3D-CRT (47). Unusual patterns
may also result from the beam configuration as previously noted.

SBRT is a high-dose radiation treatment used to treat small tumours, especially peripheral
early-stage NSCLC (Fig. 14). SBRT utilizes 3D-CRT with multiple non-co-planar beams
conformed to the shape of the target. Fewer fractions with higher dose and steep dose
gradients are used in this technique. Although early-stage NSCLC is typically managed with
surgical resection (48, 49), SBRT has been used in medically inoperable patients with early-
stage NSCLC (50) and is shown to have local-control rates comparable to those observed
with surgical resection. There is further interest in investigating SBRT versus surgery for
NSCLCs because SBRT offers a high local control rates together with a low risk for
complications (51, 52), particularly when compared with poor results from conventional RT
(39, 40, 53).

NEW TECHNOLOGIES IN RT

Technological advances in RT, such as 4D CT techniques, applications of PET-CT during
treatment, and proton therapy, continue to advance the effectiveness and precision in RT
delivery. These techniques allow dose escalation to the target while sparing surrounding
normal structures (54, 55).
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4D-CT techniques improves treatment in image-guided RT (IGRT) by incorporating time
into the initial 3D plan to compensate for tumour motion that occurs either during a single
fraction (intra-fraction) or between multiple fractions (inter-fractional)(56). In 4D
acquisitions, the tumour is gated according to the respiratory cycle in a prospective or
retrospective protocol by using respiratory gating or motion-tracking techniques. In lung
cancer, utilization of 4D-CT techniques allows high precision radiation therapy (56). In
addition to using PET-CT imaging for developing treatment plans, the technique of “dose
painting” is being investigated. This involves the application of varying radiation dosage to
the tumour based on tumour inhomogeneity identified by FDG imaging. Others are
investigating the utility of PET-CT imaging during treatment to detect areas of resistance so
that boost doses may be applied to more resistant tumour region(57). Although not
established in clinical settings, respiratory gated 4D PET-CT may prove to be helpful for
better tumour delineation for RT planning in lung cancers (58).

The physical characteristics of proton therapy results in delivery of a therapeutic dose to a
certain depth (as defined by the Bragg peak) with minimal exit doses beyond the tumour.
This characteristic provides the ability to direct high-dose radiation delivery to the tumour
while avoiding uninvolved critical structures. When retrospectively compared to 3D CRT
and IMRT, proton therapy has been shown to significantly reduce the dose delivered to
normal lung tissue, the heart, spinal cord, and, in certain cases, the oesophagus. Treatment
planning studies suggests that proton RT may have an advantage over conventional photon
RT in achieving higher tumour doses and local tumour control with additional improvement
in survival with lower toxicity (2, 59, 60). Hoppe et al. (61) showed that proton-based RT
resulted in lower doses to critical organs at risk and a smaller volume of normal lung
exposed to radiation. Currently, proton therapy has been indicated for prior irradiated
tumours that need to be irradiated again and for targets that are near at-risk structures such
as the mediastinum, heart, oesophagus, and spinal cord (Fig. 15) (62).

Initial proton treatments used passive scatter technology with single-beam energy per field,
whereas newer treatments are using scanning beam technology, which divides the beam into
many smaller beamlets with variable intensity, referred to as intensity modulated proton
therapy (IMPT). However, this technique is clinically limited by tumour motion issues,
which frequently require pulmonary gating or anaesthesia to eliminate motion. Efforts are
actively underway to address these motion-related uncertainties. It is anticipated that the
patterns of RILD from these newer techniques will be similar to but less than those seen in
3D conformal treatment.

CONCLUSION

RT is an important modality in the treatment of patients with thoracic neoplasms.
Knowledge of newer radiation techniques is important for the radiologist to recognize
patterns of RILD and detect complications, such as recurrent malignancy or infection.
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Fig. 1. Planning treatment fieldsin different intra thoracic malignancies

(a) Patient with NSCLC with IMRT focused in the primary lung malignancy. A Total dose
of 63 Gy in 27 fractions was delivered.

(b) Axial CT image obtained 4 months after completion of therapy shows left lung opacities
included in the treatment planning field consistent with radiation pneumonitis.

(c) Patient with oesophageal malignancy extending to the gastro-oesophageal junction.
IMRT permit a focused treatment to the oesophagus and positive loco-regional lymph nodes
while sparing spinal cord, heart, and mediastinum. A total dose of 50.4 Gy in 28 fractions
was delivered.

(d) Axial CT image obtained 3 months after treatment ending in a patient with oesophageal
malignancy demonstrates lung opacities in the lower lobes included in the irradiated field.
(e) Patient with breast cancer treated with 3D-CRT including right lateral chest wall,
supraclavicular and internal mammary regions treated with a total dose of 50 Gy in 25
fractions.

(f) Axial CT image obtained 4 months after completion of therapy shows right apical lung
opacities consistent with radiation pneumonitis. Treatment planning field is helpful to
differentiate radiation lung injury from an infectious process.

(g) Patient with malignant pleural mesothelioma located in the right side. Patient received
surgical treatment with extrapleural pneumonectomy and was treated with postoperative
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radiotherapy. Treatment was delivered to the right thoracic cavity with a total dose of 50 Gy
in 25 fractions. Note that treatment planning included the dome of the liver.

(h) Axial CT image after administration of intravenous contrast medium obtained 4 months
after completion of therapy shows surgical changes due to right extrapleural
pneumonectomy and signs of resection/reconstruction of the right hemidiaphragm.
Peripheral band of low attenuation (arrows) is seen in the right lobe of the liver which is
consistent with post radiation changes.
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Fig 2. Fifty-two-year-old man with adenocar cinoma of the lung

(a) Axial CT image after administration of intravenous contrast medium and prior to
treatment shows a left central lung lesion (arrow) surrounding lingular bronchus. (b) Axial
CT image obtained 2 months after completion of radiotherapy shows ground-glass opacities
(arrow) consistent with radiation lung injury.
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Fig. 3. Seventy-five-year -old woman with adenocar cinoma of the lung

(a) 3-D conformal proton beam radiation plan utilizing a right anterior oblique and a left
anterior oblique beams and a total dose of 74 Co-60 Gy in 37 fractions.

(b) Axial CT image obtained 3 months after completion of radiotherapy shows ground-glass
opacities with interlobular septal thickening in the right lung (arrow) consistent with a crazy-
paving pattern. Note that there are focal left lung opacities outside of the radiation field
consistent with post radiation changes.
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Fig. 4. Sixty-eight-year-old man with a left upper lobe NSCLC

(a) Axial CT image before administration of intravenous contrast medium and prior to
radiotherapy treatment shows a large central left upper lobe mass (M) and left paratracheal
nodal metastatic disease (arrow).

(b) 3D conformal proton beam radiation plan utilizing a right anterior oblique, left posterior
oblique and right posterior oblique beams and a total dose of 74 Co-60 Gy in 37 fractions.
(c) Axial CT image obtained 4 months after completion of radiotherapy demonstrating a
central ground-glass opacity with a surrounding halo of consolidation (arrows) consistent
with a reversed halo sign.
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Fig 5. Thirty-six-year-old woman with a left upper lobe NSCLC

(a) Axial CT image prior to treatment show a spiculate nodule in the left upper lobe (arrow).
(b) Axial CT image obtained 3 years after completion of radiotherapy shows lung opacities
with traction bronchiectasis (arrow) consistent with radiation fibrosis.
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Fig. 6. Sixty-eight-year-old man with a left upper lobe NSCL C treated with stereotactic body
radiotherapy

(a) Treatment planning field in SBRT. A total dose of 50 Gy in four fractions was delivered.
(b) Axial CT image 6 months after completion of therapy shows focal lung opacities in the
left lung included in the irradiated field (arrowhead) and consistent with radiation lung
damage. In the right lung there are new opacities far from the radiation planning area
(arrow).

(c) Axial CT image obtained 8 months after completion of RT demonstrate persistence of
RILD (arrowhead) with resolution of right upper lobe pneumonia.
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Fig. 7. Sixty-six-year-old woman with left upper lobe lung cancer treated with definitive proton
radiation therapy

Six months after treatment completion patient had a primary complaint of cough and
shortness of breath.

(a) Treatment planning field included three beams and a total dose of 87.5 Co-60 Gy. Proton
therapy was chosen due to the fact that the tumour is located close to lobar bronchus and
proton radiation therapy would be the optimal way of treating this tumour to reduce toxicity
and possible bronchial stenosis.

(b) Axial CT image obtained 6 months after completion of therapy demonstrates left lung
opacities included in the irradiated filed (*) consistent with radiation lung injury. There is
additional development of focal right upper lobe opacity (arrow) outside of the treatment
planning field.

(c) Axial CT images obtained 8 months after completion of therapy demonstrates persistent
post-radiation lung injury in the left upper lobe (arrowhead) with resolution of the right
upper lobe consolidative opacity.

(d) Axial CT image obtained 8 months after completion of therapy at a lower anatomic level
than (c), detected migratory patchy lung opacities (thin arrow). Right upper lobe opacities
detected on Fig. 10b have resolved in the interval. A clinical diagnosis of organizing
pneumonia was made and treatment with steroid was indicated. Patient demonstrated
clinical improvement and prednisone was gradually tapered and totally discontinued. After 4
months chest CT (not shown) demonstrated completed resolution of radiological findings.
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Fig. 8. An 87-year-old woman with a diagnosis of stage || NSCL C treated with definitive
radiotherapy
(a) Axial CT image obtained 2 years after treatment ending demonstrate focal lung opacities

with traction bronchiectasis and architectural distortion consistent with radiation fibrosis.

Note sharp lateral border (arrowheads) consistent with post radiation changes.

(b) Axial CT image obtained 4 years after treatment completion demonstrates lobulation of
the lateral border suspicious for recurrent tumour (arrow).

(c) PET-CT demonstrated FDG avidity in the suspected lesion. A lung biopsy confirmed the
diagnosis of recurrent tumour.
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Fig. 9. A 77-year-old woman with left upper lobe squamous cell carcinoma of the lung

(a) Axial CT image after administration of intravenous contrast medium shows a large left
upper lobe mass (M) extending to the hilar region and obstructing the left upper lobe
bronchus.

(b) Treatment planning field include the left upper lobe and mediastinum treated with proton
therapy with a total dose of 74 Co-60 Gy.

(c) Axial CT image 12 months after completion of therapy demonstrated a new soft-tissue
nodular opacity (*) anterior to the left upper lobe bronchus (arrowhead). Note is also made
of a new left pleural effusion developed after 6 months after completion of radiation therapy.
(d) PET-CT shows a nodular FDG uptake included in the irradiated area. A recurrent tumour
was diagnosed at biopsy.
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Fig. 10. Different radiological appearance after 3D CRT in patientswith history of lung cancer
and submitted to radiother apy

(a—b) A 62-year-old man with a diagnosis of adenocarcinoma in the right upper lobe with
bulky mediastinal adenopathy. Axial CT image with intravenous contrast medium (a)
obtained prior to treatment showing a large right paratracheal mass (M) compressing the
superior vena cava (SVC) (*) consistent with nodal metastatic disease. Axial CT image 2
years after completion of radiation therapy (b) shows well-defined area of consolidation
(arrows), volume loss, and traction bronchiectasis typical of modified conventional pattern
of radiation fibrosis. (c—d) A 60-year-old woman with metastatic NSCLC. Axial CT image
obtained prior to treatment shows a right upper lobe nodule (arrow) abutting the pleural
surface (c). Axial CT image 8 months post-radiotherapy (d) shows linear lung opacities in
the right upper lobe (thin arrows) that resembles scarring tissue and are consistent with a
scar-like pattern. (e-f) A 57-year-old man with NSCLC treated with 3D CRT. Axial CT
image with intravenous contrast medium (e) obtained prior to treatment shows a large left
upper lobe mass (white arrow) surrounding and narrowing the left main pulmonary artery
(black arrow). Note tumour involvement in the left paratracheal region. Axial CT image
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obtained 18 months after completion of therapy (f) demonstrates lung opacities, patent

bronchi, and bronchiectasis with mass-like appearance consistent with radiation fibrosis
(arrow).
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Fig. 11. A 61-year old woman with diagnosis of inflammatory carcinoma of the right breast

(a) Radiotherapy treatment planning field include the right chest wall with medial and lateral
tangent fields to a total dose of 51Gy at 1.5Gy per fraction in 34 fractions.

(b) Axial CT image obtained 4 months after treatment ending shows nodular opacities
(arrows) included in the irradiated field consistent with nodular-like pattern of radiation
pneumonitis.
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Fig. 12. A 64-year-old man with stage | [ | A NSCL C, status post-right lower lobectomy with a
positive subcarinal node undergoing post-surgical IMRT

(a) Treatment planning field is situated in the right hilar region and subcarinal nodal regions.
Planned treatment dose is 50 Gy at 2 Gy per fraction in 25 fractions.

(b) Axial CT image show nodular lung opacities included in the treatment planning field and
consistent with nodular radiation pneumonitis away from the site of the primary tumour
(arrow).

(c) Axial CT image demonstrate nodular opacities in the contralateral lung (arrow). Note
that although this opacity is included in the irradiated field, iso-dose distribution lines
demonstrate that abnormality is included below the 20 Gy area.
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Fig. 13. A 54-year-old woman with a diagnosed stage | | | A right upper lobe NSCL C metastatic to
subcarinal and right paratracheal lymph node stations

(a) Axial CT image after administration of intravenous contrast medium and prior to
treatment shows a right upper lobe nodule (right arrow) and right hilar adenopathy (white
arrowhead) consistent with nodal metastatic disease.

(b) Treatment planning field showing the right upper lobe and mediastinum involvement
treated with IMRT in five beams to a total of 60 Gy.

(c) Axial CT image obtained 6 months after treatment ending demonstrate right perihilar
consolidative opacities consistent with radiation lung injury (black arrow).
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Fig. 14. A 67-year-old man with history of a stagel NSCL C involving theright middle lobe,
which was treated with definitive SBRT

(a) Axial CT image obtained prior to treatment demonstrate a 2 cm right middle lobe nodule
(arrow).

(b) Treatment planning field for a right middle lobe lung lesion treated definitively to a total
dose of 50 Gy in four fractions with a nine-beam stereotactic body radiotherapy plan.

(c) Axial CT image obtained 8 months after completion of therapy shows lung opacities
included in the irradiated field (thin arrows). Note that contralateral lung and non-irradiated
right lung are spared from lung damage.
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Fig. 15. A 67-year-old woman with a left upper lobe NSCL C. The patient was a poor surgical
candidate and was treated with definitive radiother apy

Proton therapy has been chosen because of the ability to spare normal lung and non-
involved mediastinal structures.

(a) Treatment planning field demonstrate three fields using proton therapy. Right posterior
oblique, left anterior oblique, and left posterior oblique fields were used with a total dose of
87.5 Co-60 Gy divided over 35 fractions.

(b) Axial CT image 6 months after completion of therapy shows decrease in size of the
tumour (arrow).

(c) Axial CT image obtained 18 months after completion of therapy demonstrate left
perihilar focal lung opacities with traction bronchiectasis consistent with post-radiation
changes (*). Note that remaining lung was spared from radiation damage.
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