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Synchronous organizing pneumonia after sequential
three-dimensional radiotherapy for three lung metastases from
hepatocellular carcinoma: a case report
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Abstract: Radiation-induced lung injury can be categorized into radiation pneumonitis (RP) and
organizing pneumonia (OP). Differences between RP and OP have been reported in terms of the time to
appearance, predictive factors, expression mechanism, and migration of lung infiltration. However, no author
has demonstrated the time to OP appearance after sequential radiotherapy for lung tumors in the same
patient. We describe woman in her 70s with lung metastases developed OP synchronously after sequential
three-dimensional radiotherapy (3D-CRT). A woman in her 70s who had received 3D-CRT sequentially
for three metastases in the left lung from hepatocellular carcinoma (HCC). We administer 3D-CRT for
metastases in the left upper lobe. Three months after the end of 3D-CRT, there were no changes outside or
inside the radiation field on chest radiographs and computed tomography (CT). We decided to administer
3D-CRT for a second time due to metastasis to the lower lobe. At 1.5 months after the end of the second
3D-CRT course, the patient presented with dry cough, at 2 months from the second radiotherapy cycle,
dense pneumonic infiltrates with air bronchograms within the first and second radiation fields and outside
the field was synchronously detected. A diagnosis of lung injury, most probably OP, due to radiotherapy was
made. This case report draws attention to the development of synchronous OP after sequential radiotherapy
and advises careful follow-up with the initiation of a second radiotherapy cycle even if OP does not appear

for several months after the first radiotherapy cycle.
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Introduction

Radiation-induced lung injury has been reported after
postoperative radiotherapy for breast cancer (1-4); currently,
it is a well-known complication of thoracic radiation for
lung, esophageal, and hematologic malignancies. The
incidence of radiation-induced pneumonitis, mostly of grade
2 or less, ranges from approximately 10% to 30%, and it
is manageable (5,6). Radiation-induced lung injury can be
categorized into radiation pneumonitis (RP) and organizing
pneumonia (OP) (7). OP included RP in the broad sense,
but since Crestani et a/. (7) reported OP in 1998, several
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authors have described the features of OP, which differ from
those of RP (8,9). Differences between RP and OP have
been reported in terms of the time to appearance, predictive
factors, expression mechanism, and migration of lung
infiltration (1-3). However, to the best of our best knowledge,
no author has demonstrated the time to OP appearance after
sequential radiotherapy for ipsilateral lung tumors in the
second radiotherapy cycle same patient. In this rare case, a
woman in her 70s with three lung metastases developed OP
synchronously in each irradiated area after sequential three-
dimensional radiotherapy (3D-CRT).
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Case presentation

We report the case of a woman in her 70s who had three
metastases in the left lung from hepatocellular carcinoma
(HCC). She was a lifelong non-smoker and had no
significant past history of collagen vascular diseases,
except diabetes. Her general condition was good, and
she had no respiratory symptoms (performance status 1).
Transarterial chemoembolization (TACE) was conducted
for HCC before lung metastases developed, and her liver
status was stable, with no new lesions at any other organs,
except the left lung. There were three nodules in the upper
(two lesions) and lower (one lesion) lobes of the left lung,
which gradually increased in size (Figure 14). Prothrombin
induced by vitamin K absence-II levels also increased to
>1,000 mAU/mL, but no other metastases were detected
on computed tomography (CT). Therefore, we judged that
these lung nodules were metastases from HCC. She was
recommended to use sorafenib for lung metastases, but she
refused due to side effects and chose to undergo 3D-CRT.
The degree of Krebs von den Lungen-6 (KL-6) was within
normal limits at this time. Her respiratory function was low
(vital capacity: 1.37 L, 1-s forced expiratory volume: 0.95 L),
but she could endure 3D-CRT. We decided to sequentially
administer 3D-CRT at a total dose of 60 Gy in 15 fractions
as an alternative to stereotactic body radiotherapy for lung
metastases after considering the side effects, patient’s age
(relatively old), number of metastases, and respiratory
function. The treatment plan was implemented using
CT with a long scan time (3 s) under resting respiratory
conditions. Scans were assessed in 3-mm sections at the
lesion site and 5-mm sections elsewhere. Because a long
scan time was used under resting respiration, the clinical
target volume (CTV) was used to define the visible range
of CT. The internal target volume (ITV) is the CTV plus
the tumor margins for organ movement. I'TV included
a 5-mm “set up” margin to establish the planning target
volume (PTV). The radiation field was defined as PTV
plus a 5-mm leaf margin. The two upper lobe lesions were
closely located and were therefore irradiated together in
one field. Using 6-MV photons, 3D-CRT (all coplanar
irradiation) was administered under resting respiration
(Figure 1B). Three months after the end of 3D-CRT, lung
metastases of the upper lobe exhibited a good response
and decreased in size, and there were no changes outside
or inside the radiation field on chest radiographs and CT
(Figure 1C). KL-6 was also maintained within normal limits.
We decided to administer 3D-CRT for a second time due
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to metastasis to the lower lobe of the lung (Figure 1D). The
3D-CRT method and radiation dose were similar to those
used for the first treatment, but the irradiated area was
not duplicated. At 1.5 months after the end of the second
3D-CRT course, the patient presented with fatigue, dry
cough, shortness of breath, and dyspnea; at 2 months from
the second radiotherapy cycle, dense pneumonic infiltrates
with air bronchograms within the first and second radiation
fields and outside the field were synchronously detected
on CT images (Figure 1E,F,G). The V20 (lung volume
covered by >20 Gy) was reduced to a safe range: 16.9% at
the first therapy and 13.7% at the second therapy (Figure
2A,B). Clinical examination revealed crackles and bronchial
breath sounds. Peripheral O, saturation was 93% on
room air, as measured by a pulse oximeter. Blood analysis
revealed a C-reactive protein level of 11.95 mg/L, without
clinical signs of viral or bacterial infections in any other
organ; furthermore, the white blood cell count was 4,700/
pL, without the elevation of eosinophil counts. KL-6 was
increased to >1,000 U/mL. Additional serum chemistry
examinations, renal and liver function tests, and urinalysis
revealed no changes. No other treatments such as TACE
and oral chemotherapy were conducted in this period. A
clinical diagnosis of OP grade 2 (symptomatic but does not
require O, supplementation) was made according to the
Common Terminology Criteria for Adverse Events 4.0. We
recommended steroid administration, but the patient did
not agree due to concerns regarding blood sugar elevation.
She was only observed carefully, and an improvement in the
clinical symptoms naturally occurred within 28 days. Chest
radiograph showed improvement of the consolidation.
A diagnosis of lung injury, most probably OP, due to
radiotherapy was made.

Discussion

Several reports have described the interval from radiotherapy
for lung tumors to the development of RP and OP, but no
reports have mentioned the time to OP appearance after
sequential 3D-CRT for ipsilateral lung tumors in the same
patient. This is the first case in which RP synchronously
occurred after 3D-CRT conducted at different times.
Radiation-induced lung injury can be divided into two
types: RP and OP (1,2,7,10). Several differences between
RP and OP have been reported. RP is associated with direct
damage and interstitial pulmonary inflammation with an
alveolar exudative component (11), whereas an autoimmune
mechanism is assumed to be involved in the occurrence
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Figure 1 Synchronous organizing pneumonia after sequential three-dimensional radiotherapy for three lung metastases. (A) Computed
tomography (CT) scan showing metastatic lesions in the left upper (two lesions) and lower lobes (one lesion) of the lung secondary to
hepatocellular carcinoma in a woman in her 70s; (B) she received the first radiotherapy. Isodose lines of 100% (orange), 95% (light green),
50% (blue), and 30% (light blue) are shown; (C) she underwent a computed tomography (CT) scan of the chest at 3 months after the
first radiotherapy cycle. She had no complaints, and both CT scans showed no abnormal signs related to radiation pneumonitis; (D) she
received the second radiotherapy. Isodose lines of 100% (orange), 95% (light green), 50% (blue), and 30% (light blue) are shown; (E,E,G)
at 1.5 months after the second radiotherapy cycle, newly developed patchy opacity with air bronchograms in the irradiated area and outside
irradiated area (middle lobe) was observed and diagnosed as organizing pneumonitis. The patchy opacity also spread to the low-dose area.

Arrows indicate three lung metastases at the first time and decrease the size after first radiotherapy.

of OP (12). RP lesions are characterized by alveolar RP can progress to irreversible lung injury and develop into
consolidation limited to the irradiation field, whereas OP radiation fibrosis, whereas OP usually disappears without
lesions are located outside the irradiation field and frequently fibrosis, but occasionally relapses when the corticosteroid
migrate to other areas or even the opposite lung (1,2,13). dosage is decreased (1,2). RP occurs in almost all patients
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Figure 2 Dose volume histogram for lung metastases in the upper lobe at the first radiotherapy cycle (A) and in the lower lobe at the second

radiotherapy cycle (B). The lines of red (clinical target volume), pink (planning target volume), blue (whole lung), orange (trachea), and

green (cord) are shown.

who have received radiotherapy, whereas the frequency of OP
is low. We considered that the present case most probably fit
the definition for OP because of the exclusive radiotherapy,
time to appearance, location of the infiltration inside/outside
the irradiation field, symptoms, clinical progression, and
contradictory eosinophilic and infection pneumonia.

The time to appearance of lung injury after irradiation has
also been previously reported. RP arises during radiotherapy
or shortly after radiotherapy, whereas OP tends to arise
several months to within 1 year after the completion of
radiotherapy, which is generally longer than the time to RP
(1,2,9). In particular, the interval from radiotherapy for lung
cancer to the development of OP ranged from 6 to 18 months
(3,4,10). In our case, the time to appearance after the second
radiotherapy cycle was shorter than that described in these
reports. OP occurred at 5.5 months after the first 3D-CRT
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course but only 1.5 months after the second 3D-CRT
course and synchronously occurred in the first and second
irradiated areas. Several authors have reported that radiation-
induced pneumonitis has been related to an immunologically
mediated mechanism, i.e., a form of lymphocyte-mediated
hypersensitivity reaction with the elevation of neutrophils,
mast cells, and eosinophils and an increase in the CD4/CD8
ratio detected on bronchioalveolar lavage (BAL) (14,15).
OP development may involve the T-cell and Fas/Fas-ligand
pathways, which can be activated by lung irradiation (16,17).
Martin ez al. (18) also reported that lung irradiation induced
the elevation of lymphocytes in not only the irradiated area
but also outside the irradiated area. According to these
reports, we considered that the first 3D-CRT course for
upper-lobe metastasis stimulated the immunologically
mediated mechanisms in the entire left lung and maybe also
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the right lung without radiological findings, and the second
3D-CRT course further activated the immunologically
mediated mechanism to induce the occurrence of OP within
a short time in both the first and second irradiated areas and
outside areas. In this case, in which sequential radiotherapy
was conducted, OP occurred within a shorter time than that
previously reported.

Some investigations have demonstrated that predictive
factors related to the patients such as age, pulmonary
emphysema, PO, levels, and pulmonary function (forced
vital capacity) and related to the radiotherapy regimen
such as V20 and mean lung dose (MLD) are associated
with the development of RP. RP itself may be related
to OP (1,6,19). Although our patient was in her 70s,
radiotherapy for elderly patients is widely conducted.
Additionally, although the respiratory function seemed
to be low, she was generally able to endure 3D-CRT.
Therefore, there were no particular problems related
to patient factors. Regarding the 3D-CRT regimen, we
made an effort to reduce the irradiated lung volume to
the required value; however, a radiation dose of <0.5 Gy
is sufficient to induce a bystander effect (20). We should
be careful while treating multiple fields or using intensity-
modulated radiotherapy even if the V20 and MLD are within
normal ranges because low doses can spread widely in the
lung field, especially the added doses of sequential 3D-CRT.

The retrospective nature of the study and the lack of
immunological and histological evaluation using BAL or
pathological findings obtained via open/video-assisted
thoracoscopy or transbronchial biopsy pose limitations. The
diagnosis of OP was determined based only on the clinical
course and radiological findings, because our patient was
elderly and the symptoms were too mild for her to undergo
invasive examinations. Further investigations are needed to
resolve such limitations.

Conclusions

This case report draws attention to the development
of synchronous OP after sequential radiotherapy and
advises careful follow-up with the initiation of a second
radiotherapy cycle even if OP does not appear for several
months after the first radiotherapy cycle.
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