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Case Report

Radiation induced lung injury (RILI) after postoperative intensity
modulated proton therapy (IMPT) in a patient with stage lll locally
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Background: Postoperative radiation therapy (PORT) remains the critical therapy for stage III non-small
cell lung cancer (NSCLC). Radiation induced lung injury (RILI) is common and affects the clinical outcome.
Proton therapy (PT) is a new-style radiotherapy with accurate distribution of curative dose to tumor
and increased organ-at-risk (OAR) sparing, which potentially decrease the incidence of RILI. Intensity
modulated proton therapy (IMPT) is more flexible and conformal one.

Case Description: In the case, we report a 47-year-old man with stage III locally advanced lung
adenocarcinoma developing RILI after IMPT. The man had no chronic pulmonary disease before. After 6
cycles every three-week of postoperative adjuvant chemotherapy (pemetrexed, carboplatin), he sequendally
received 50 GyE of IMPT in 25 fractions. About 7 weeks after IMPT, grade 2 RILI was developed with the
manifestation of focal pulmonary consolidation and ground-glass attenuation. Steroid therapy was delivered
and the pneumonias absorbed slightly with chronic scarring and fibrosis left over.

Conclusions: RILI after IMPT is not commonplace especially under the circumstance where the
patient had no chronic lung disease and the proton dose was conservative. The patient manifested as the
early developed acute exudation and fibrosis stage. Moreover, the injury was so refractory that fibrosis was
developing in spite of active steroid therapy. Based on the case, we suggested that more exploration of proton

induced lung injury and evaluation before IMPT especially following chemotherapy are deserved.
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Introduction lung adenocarcinoma is the most common form. Surgery
is the main treatment for the resectable stage III-pN2

Albeit multiple curative strategies have been involved in NSCLC, but local recurrence and distant metastasis still

the treatment of lung cancer, it is still the primary cause occur frequently after surgery. It has been demonstrated
of cancer associated mortality. Non-small cell lung cancer that postoperative chemotherapy can reduce distant
(NSCLC) is the main subtype of lung cancer, among which metastasis for patients with positive lymph nodes. However,
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the risk of locoregional recurrence reached as evidently
as 20-40% even after complete resection, adjuvant and
postoperative chemotherapy (1,2). Postoperative radiation
therapy (PORT) improved the locoregional recurrence
survival (LRFS) in resected pIllla-N2 NSCLC (3). Thus,
postoperative chemoradiation remains critical in the stage
III NSCLC.

Radiation induced lung injury (RILI), manifesting as
radiation pneumonitis acutely and radiation pulmonary
fibrosis chronically, limits the dose escalation and negatively
affects survival and quality of life. Distinguished from
photons, the track of protons’ motion is characterized
with the Bragg peak, depositing a high irradiation dose in
the tumor, while leaving a negligible dose in the adjacent
normal tissues. Thereafter, proton therapy (PT) has
emerged as a valuable radiotherapy modality that can
improve treatment outcomes (4).

Passive scattering proton therapy (PSPT) is a previous
PT technology. PSPT irradiates tumor spot by spot and
deposits a homogenous dose to tumor, which is similar
to three-dimension radiation plan. Intensity modulated
proton therapy (IMPT) shapes tumor better to deliver a
more flexible and conformal dose distributions compared
with PSPT (5,6). Past study demonstrated that PT could
minimize the risk of RILI by sparing organ-at-risk (OAR)
dose compared with conventional photon radiation therapy
(RT) (7). Moreover, patients with idiopathic pulmonary
fibrosis and recurrences of previous irradiated tissues were
proved to benefit from PT instead of photon RT with less
occurrence of RILI (8). The rate of pulmonary toxicities of
IMPT was lower than 5% according to the past studies (1,9).
Lung injury with fibrosis formation is not commonplace in
the condition where conservative dose of IMPT delivered
in the patient without chronic lung disease (10). Here,
we report RILI induced by IMPT sequentially following
adjuvant chemotherapy in a patient with locally advanced
lung adenocarcinoma. We present the following case in
accordance with the CARE reporting checklist (available at
https://tcr.amegroups.com/article/view/10.21037/tcr-22-
256/rc).

Case presentation

In August 2020, a 47-year-old man with a history of heavy
tobacco usage accidentally found a 1.5 em pulmonary
nodule on left lower lobe (LLL) by computed tomography
(CT) in our hospital. The patient had no pulmonary disease
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before but had been diagnosed with diabetes mellitus (DM).
Other radiographic evaluations showed no evidence of
distant metastasis at that time. Then he underwent a video-
assisted left lower pulmonary lobectomy and mediastinal
lymph node dissection on December 3, 2020. Postoperative
biopsy established the pathologic diagnosis of lung acinar-
predominant adenocarcinoma (pT1bN2MO, stage IIIA).
The invasive nodule was 16 mm, spreading along the air
cavity, but had no breakthrough to the adjacent pleura. The
broken end of bronchus and left pulmonary hilar vessels
were tumor free. Lymph nodes stations (#4, #5, #7, #9, #10,
#11, #12) were excised and the subcarinal (#7) and hilar (#10)
were tumor positive. Molecular detection showed fusion of
rearranged during transfection (RET) gene. Other common
oncogenes including epidermal growth factor receptor
(EGFR), anaplastic lymphoma kinase (ALK), KRAS proto-
oncogene (KRAS), NRAS proto-oncogene (NRAS),
human epidermal growth factor receptor 2 (HER2),
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit alpha (PIK3CA), B-Raf proto-oncogene (BRAF)
had no alternations.

The patient underwent postoperative adjuvant
chemotherapy with AP (pemetrexed 1,000 mg d2 +
carboplatin 500 mg d1, q21d) for 6 cycles and accomplished
the therapy on April 28, 2021. CT after 4 cycles indicated
the lungs were in well condition and the tumor had no
recurrence (Figure 14). Sequentially, on May 7 to June
9, 2021, the patient received IMPT in Shanghai. Four
dimentional (4D) CT was applied for visual simulation to
manage the respiratory changes. The clinical target volume
(CTV) encompassed the resection involved anatomical
mediastinal lymph node regions, the bronchial stump, the
ipsilateral hilum, #4 and #7 nodal stations in the mid lung
according to 2018 ESTRO ACROP guidelines (11). The
final planning target volume (PTV) was delineated by
adding a 5-mm margin to the CTV boundary to adjust for
setup uncertainties. A total of 50 Gy (RBE) in 25 fractions
was delivered to the PTV with the robust optimization to
manage uncertainties in the treatment plan. To quantify
the anatomical changes, the imaging feedback loop by cone
beam CT (CBCT) was applied to modify the treatment
plan accordingly every week. The parameters of IMPT are
listed in 7able 1.

About 8 weeks after IMPT, mild dry cough and exertional
dyspnea arose soundlessly. Routine laboratory examination
revealed normal count of white blood cells [WBC
7.41x10°/L, normal limits (3.5-9.5)x10°/L], lymphocytes
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Figure 1 CT image before and after IMPT. (A) CT showed the lungs were in well condition and the tumor had no recurrence after adjuvant

chemotherapy on April 13, 2021. (B) CT scan showed new focal consolidation and patchy attenuation on LUL after IMPT on July 30, 2021.

CT, computed tomography; IMPT, intensity modulated proton therapy; LUL, left upper lobe.

Table 1 The values of IMPT delivered to lungs and OARs

Variables Values
Lung V5 (%) 28
Lung V20 (%) 16
MLD (GyE) 7.44
MHD (GyE) 2.20
MED (GyE) 11.45
Lung max (GyE) 56.06
Heart max (GyE) 55.00
Eso max (GyE) 51.97
SC max (GyE) 11.91

IMPT, intensity modulated proton therapy; OARs, organ-at-
risks; Lung V5, the lung volume receiving a dose of more than 5
GyE; Lung V20, the lung volume receiving a dose of more than
20 GyE; MLD, mean lung dose; MHD, mean heart dose; MED,
mean esophageal dose; max, maximum dose; Eso, esophagus;
SC, spinal cord.

[LYMPH 1.40x10°/L, normal limits (1.1-3.2)x10°/L],
neutrophils [NEUT 5.29x10°/L, normal limits (1.8—
6.3)x10°/L]. Liver function showed abnormal aspartate
aminotransferase (AST 53 IU/L, normal limits 0-42 TU/L),
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alanine aminotransferase (ALT 80 IU/L, normal limits
0-40 IU/L), and gamma-glutamyl transpeptidase (GGT
58 IU/L, normal limits 0-52 IU/L) . The liver enzymes
were elevated since the last time of chemotherapy and it
was gradually falling back with the hepatic protectant. High
sensitivity C-reactive protein was 9.16 mg/L (HSCRP was
5.03 mg/L in 26™ April, normal limits 0-3 mg/L). Carcino-
embryonic antigen (CEA) was at the normal level. Etiology
examination of phlegm revealed no evidence of pathogen
infections. CT on July 30 showed new pathological changes
in the left upper lobe (LUL), manifesting as focal dense
consolidation accompanied by ground-glass opacities
(Figure 1B). The pneumonitis involved 22.1% volume of
LUL which was matched with the high dose distribution
of the proton (Figure S1). Besides, a 2 cm ground glass
opacity in the peripheral right upper lobe (RUL) was new
(Figure S2A-S2D). According to the clinical history
of IMPT and imaging changes of acute pneumonitis,
we attributed the suddenly increased mass to the early
phase of RILI. The pneumonitis manifested as patchy
focal consolidation and caused moderate symptoms and
was classified as grade 2 RILI according to Radiation
Therapy Oncology Group (RTOG) grade and Common
Terminology Criteria for Adverse Events (CTCAE) (12).
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Figure 2 CT following up on the radiation pneumonitis. (A) CT images after 18 days of dexamethasone administration on August 17, 2021.

(B) CT images on August 24 showed partly absorption of old lesions. (C) CT images after 1 months of steroid therapy on September 14

showed that the persistent dense consolidation tended to be chronic changes. CT, computed tomography.

According to the management of RILI, steroid therapy is
the mainstay of the treatment of RILI. We informed the
patient the risk of symptoms worsening in the condition
of steroids abrupt interruption (13) and got the agreement
of the patient for the continuous treatment. The initial
administration of 4.5 mg dexamethasone (equal to
30 mg prednisolone) for 18 days was started on August 1.
The reexamination after steroid therapy on 17" August
indicated that the involvement filed of pneumonitis
decreased a little and the margins got sharper (Figure 2A).
The dexamethasone was then adjusted to 6 mg for 9 days.
However, the consolidation on LUL didn’t attenuate ideally
on 24™ August (Figure 2B). Therefore, the intravenous

injection of methylprednisolone with a dose of 80 mg
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(equal to 100 mg prednisolone) per day was used for 4 days
from 27" to 31" August. Then the steroids were changed
back to 6 mg dexamethasone per day on September 5 and
followed by reduction of 0.75 mg every week. The patient
felt the symptomatic relief with reduction in cough and
dyspnea. CT indicated that most of the consolidation
vanished with a fraction of scar which changed slightly on
3", 14™ September, 25™ October, 20" December (Figure 2C,
Figure S3). Based on the slight radiographic changes,
the grade 3 radiation fibrosis had formed according
to radiological grading scale of radiation induced
pneumonitis (14). The total period of steroid therapy was
more than 12 weeks, but the radiographic amelioration was
slow. The long period of treatment indicated that RILI after
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July 30, 2021
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Figure 3 Timeline of the case.

IMPT was somehow different from conventional RILI for
the potential resistance to steroids. Prophylactic antibiotic
was used for the steroids induced immunosuppression. No
adverse events occurred during the treatment of RILI. The
timeline was shown in Figure 3. All procedures performed
in this study were in accordance with the ethical standards
of the institutional and/or national research committee(s)
and with the Helsinki Declaration (as revised in 2013).
Written informed consent was obtained from the patient for
publication of this case report and accompanying images.
A copy of the written consent is available for review by the
editorial office of this journal.

Discussion

RILT is a major dose-limiting toxicity induced by thoracic
radiotherapy. Free radicals deriving from water in irradiated
tissues break chemical bonds of DNA to destroy epithelial
and endothelial cells, leading to RILI. There are two phases
in the RILI. Acute phase, which is known as radiation
pneumonitis, occurs within 6 months of the therapy.
Chronic phase always manifests as irreversible lung fibrosis
and develops late in 6 months after radiation (15). The
hyper-acute phase and latent phase, which are initiation of
cytokine release waves, occur within 2 weeks after radiation
asymptomatically. Radiographic changes can’t be found in
the two phases. The acute exudative stage lasts from 3 weeks
to 4 months after radiation. Ground-glass attenuation and
patchy consolidation can be seen in the phase. The initiation
of profibrogenic begins from 4 months after radiation.
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The consolidation tends to be scarring and changes little
after steroid treatment. Generally, lung fibrosis generates
after 6months. Steroids are mainstay for RILI, the course
of treatment is 3—12 weeks and usually terminated within
12 weeks.

Despite more sophisticated techniques of conventional
photon radiotherapy such as intensity modulated
radiotherapy (IMRT) and stereotactic body radiotherapy
(SBRT), the incidence of RILI was about 5-25% in lung
cancer (11). PT emerges as a new-style RT with accurate
distribution of curative dose to tumor. Theoretically, PT
provides superior dose distributions vs photon therapy by
increasing the OAR sparing and protecting adjacent tissues
from extra radiation injury. However, PSPT did not confer
a clinical benefit of reducing RP compared with IMRT (2).
IMPT is dosimetrically superior to PSPT and associated
with lower radiation doses to the lung and heart. According
to past studies, the pulmonary toxicities rates of PSPT was
about 20% (16). When it came to IMPT, the rate was lower
than 5%. In the retrospective review of 136 PORT patients,
rates of higher than grade 2 pneumonitis were 17.0% in
IMRT cohort and 4.9% in the PT cohort (both PSPT
and IMPT) (1). In the recent comparative study of local
advanced NSCLC treated with concurrent chemotherapy
and proton beam therapy, IMPT showed lower rates
of pulmonary toxicities (28% versus 3%, P=0.006) (9).
The results proved that lung injury in IMPT was not a
commonplace.

RILI is related to radiation dose. Doses of 45 to 54 Gy
in 1.8 to 2 Gy fractions are standard preoperative doses in
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NSCLC according to National Comprehensive Cancer
Network (NCCN) guidelines (17). PT achieved escalated
dose with excellent survival and minimal toxicity (18). In the
previous study of IMPT, most of patients (96.8%) patients
in the IMPT cohort received total dose of more than 50
Gy (RBE) with the 4.9% incidence of grade 2 and the more
severe pneumonitis (1). A reasonable and conservative
radiation dose was delivered in the case so that there was no
evidence for the dose related RILL

Despite the control of uncertainties from intrafield
target motion due to unavoidable respiration and cardiac
motion and daily setup anatomical changes were managed
ahead of schedule during the thoracic radiation treatment
planning, IMPT is highly sensitive to the slight difference
since proton pencil beam delivers different relative linear
stopping powers at the path of moving into and out of
the tissue due to the slight change (19,20). Daily adaptive
optimization before deliver each fraction is pre-clinical
to guarantee a high accuracy but is limited to the time
consuming (21). Besides 4DCT, passive breath hold is a
promising strategy for the motion mitigation (22).

Past review demonstrated that elder patients, women
with a lower lung volume, patients with comorbid
conditions [such as chronic obstructive pulmonary disease
and interstitial lung disease (ILD)] were always at the
risk of RILI (23). However, our patient was a 47-year-old
strong man without chronic pulmonary disease. Patients
with a history of diabetes are more likely to suffer from
severe RILI based on the analysis in vivo. Hyperglycemia
improves levels of chronic inflammatory factors such as
interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-a)
by activating nuclear factor kappa-B (NF-kB) through
receptor for advanced glycation end-products (RAGE). The
cytokine cascade can thereafter stimulate collagen synthesis
in fibroblasts, leading to RILI (24). Nevertheless, the effect
of diabetes on RILI is far from clear and lack of clinical
evidence.

It was reported that pre-RT radio-sensitizing
chemotherapy increased the risk of RILI, especially the
combination of chemotherapeutic agents such as taxanes,
vincristine and bevacizumab, which are commonly used
in NSCLC (25). The incidence of pemetrexed related
ILD was 1.8-2.6% in NSCLC (26). It was once reported
a 69 man with stage IV lung adenocarcinoma who
developed ILD after the second line of pemetrexed (27).
However, drug induced ILD always manifest as bilateral
lung infiltrates, ground-glass opacity (GGO), alveolar
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hemorrhage, alveolitis and occur in subacute form after
the drug administration (28). The clinical features of our
case didn’t conform with drug induced ILD obviously.
Nevertheless, the pre-IMPT chemotherapy might not get
rid of responsibility. Although there was no analysis about
the effect of interval of chemoradiotherapy on RILI, we
speculated that the short interval might make sense. The
interval of chemotherapy and PORT was usually within the
45 days but more than 26 days (29). However, the interval
in this case was less than 10 days, which might be a potential
risk factor. Observation and comparative studies should fill
in the blank to choose the optimal time for radiotherapy
sequentially after chemotherapy.

Cytokines including IL-18, IL-1, IL-6, transforming
growth factor B (TGF-B), type I interferon secreted by
infiltrating cell components are pro-fibrosis drivers (30).
Elevated serum levels of the cytokines were potentially
predictive for the development of RILI. Alternations in
vital genes involving in inflammation and fibrogenesis
may play a potential role in the susceptibility to RILI.
Single nucleotide polymorphism (SNP) and epigenetic
regulation of TGF-p was reported as one of the popular
genetic markers of elevated risk of fibrosis following
radiotherapy (31). Nevertheless, cellular and molecular
biomarkers in predicting RILI are far from applying clinical
use. Although we had no idea about cytokine level of the
patient, further exploration about molecular biomarkers
could be studied in the future.

In spite of only one case, somehow differences in the case
were noticed compared with the RILI we treated before.
Although steroid therapy was actively used since the first
discover of RILI, the consolidation changed slightly and
fibrogenesis still occurred. According to the clinical features
of chronic RILI described before, lung fibrosis universally
generates after 6 months (12). The prolonged taking effect
time of steroids could be due to an earlier happening
fibrosis phase of RILI.

A few limitations are associated with the study. Firstly,
although the IMPT induced lung injury reported by us
was indeed refractory and not sensitive to steroids with
early developed lung fibrosis, observation studies about the
clinical features of proton induced lung injury are needed.
Besides, we had no idea about the time of initiation of RILI
since the earliest CT was conserved about 7 weeks after
IMPT. Moreover, the bronchoscopy or percutaneous biopsy
was exempted in the case since the diagnosis of RILI was
not complicated.
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In this case, we report IMPT induced lung injury
in a young patient with stage III locally advanced lung
adenocarcinoma. IMPT is superior to PSPT and IMRT
with lower radiation doses to the lung for the rapid decay in
the adjacent normal tissues and the sophisticated technique,
yet RILI is a burning question for its effect on the clinical
outcome and quality of life. RILI after IMPT is not
commonplace especially under the circumstance where the
patient had no chronic lung disease and the proton dose was
conservative. Although active steroid therapy was applied,
the radiographic changes were inconspicuously and lung
fibrosis was developing without pausing. Based on the case,
we suggested more exploration of proton induced lung
injury and evaluation before IMPT especially following
chemotherapy are deserved.

Patient perspective

This is a young patient without chronic pulmonary disease,
he chose IMPT for its lower incidence of lung injury as
reported before. We had no idea about why he developed
RILI despite many speculations had been proposed. The
lung fibrosis developed in the condition of active steroid
therapy. He would like to alert clinical oncologists and
patients to attach more attention to the adverse event by
IMPT.
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