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Clarithromycin mitigates radiation pneumonitis in patients with 
lung cancer treated with stereotactic body radiotherapy
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Background: Radiation pneumonitis is a critical pulmonary toxicity after irradiation of the lung. 
Macrolides including clarithromycin (CAM) are antibiotics. They also have immunomodulatory properties 
and are used to treat respiratory inflammatory diseases. Radiation pneumonitis has similar pathology to 
them. Adverse reactions to macrolides are few and self-limited. We thus administered CAM to patients 
with high-risk factors for radiation pneumonitis, and retrospectively investigated whether CAM mitigated 
radiation pneumonitis following stereotactic body radiotherapy (SBRT).
Methods: Among consecutive patients treated with SBRT, we retrospectively examined lung cancer 
patients treated with a total dose of 40–60 Gy in 5–10 fractions and followed ≥6 months. Since January 
2014, CAM has been administered in patients with pretreatment predictable radiation pneumonitis high-
risk factors, including idiopathic interstitial pneumonias (IIPs), and elevated Krebs von den Lungen-6 (KL-6) 
and/or surfactant protein D (SP-D), and in patients developing early onset radiation pneumonitis.
Results: Five hundred and eighty eligible patients were identified and divided into 445 patients during the 
non-CAM-administration era (non-CAM-era) (before December 2013) and 136 patients during the CAM-
administration era (CAM-era) (after January 2014). Median follow-up durations were 38.0 and 13.9 months, 
respectively. The rates of radiation pneumonitis ≥ grade 2 and ≥ grade 3 were significantly lower in CAM-era 
(grade ≥2, 16% vs. 9.6%, P=0.047; grade ≥3, 3.8% vs. 0.73%, P=0.037). For patients with the pretreatment 
predictable high-risk factors, the rate of radiation pneumonitis ≥ grade 3 was significantly lower, and that 
of grade ≥2 had a lower tendency (grade ≥3, 7.2% vs. 0%, P=0.011; grade ≥2, 21% vs. 9.6%, P=0.061). For 
patients developing early onset radiation pneumonitis, the rate of radiation pneumonitis ≥ grade 3 was also 
significantly lower (23% vs. 0%, P<0.05). Multivariate analysis revealed that dose-volumetric factor, the 
pretreatment predictable high-risk factors and non-CAM-administration era were significantly associated 
with or trended toward radiation pneumonitis ≥ grade 2 and ≥ grade 3.
Conclusions: CAM mitigated radiation pneumonitis following SBRT. The efficacy of CAM should be 
confirmed in prospective studies.
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Introduction

Radiation pneumonitis is a critical pulmonary toxicity 
following irradiation of the lung and can be fatal. 
Corticosteroids are considered the first-line treatment 
for radiation pneumonitis despite a lack of data. They are 
ineffective to patients with severe radiation pneumonitis (1). 
Although stereotactic body radiotherapy (SBRT) for lung 
cancer is relatively safe, radiation pneumonitis remains a 
significant concern, particularly in patients with idiopathic 
interstitial pneumonias (IIPs). 

Radiation pneumonitis is characterized by interstitial 
pneumonia [i]. Severe radiation pneumonitis causes extensive 
involvement outside the irradiated tissue, sometimes 
resulting in bilateral lymphocytic alveolitis, suggesting an 
immunologically mediated process. Neutrophilic infiltration 
has been shown to have an important role in the development 
of radiation pneumonitis (2-5). Although it is infrequent, 
severe radiation pneumonitis can occur early after SBRT 
and progress rapidly (6). Furthermore, severe radiation 
pneumonitis in patients with IIPs may have certain etiological 
features in common with acute exacerbations of IIPs (7-12).

Macrolides are antibiotics and often prescribed for 
community-acquired respiratory infections. In addition to their 
antibiotic activity, low dose macrolides have immunomodulatory 
effects due to neutrophil inactivation (13,14). Over the past 
30 years, macrolides such as erythromycin, clarithromycin 
(CAM), and azithromycin have been used to treat inflammatory 
respiratory disease such as diffuse panbronchiolitis (15) 
and cystic fibrosis (16). Moreover, macrolide maintenance 
therapy has been shown to improve pulmonary function 
and/or frequency of exacerbations in patients with 
chronic obstructive pulmonary disease (COPD) (17),  
chronic sinusitis, asthma (18), and bronchiectasis (19). 
Macrolides have also been shown to be effective in treating 
chronic fibrosing interstitial pneumonia (20), idiopathic 
pulmonary fibrosis (IPF) (21,22), and cryptogenic and 
radiation-related organizing pneumonia (23,24). In addition, 
CAM is reported to attenuate RP in mice (25).

The adverse effects of macrolides are rare and generally 
self-limited when these medications are used at the low 
doses recommended for immunomodulation. 

Based on these findings, since January 2014 we have 
administered CAM to patients suspected to be at high 
risk for developing radiation pneumonitis. In this study, 
we retrospectively investigated whether CAM could 
mitigate radiation pneumonitis in lung cancer patients 
following SBRT.

Methods

Patients

Among consecutive patients treated with SBRT in our 
hospital between February 2005 and April 2016, we 
retrospectively identified patients with lung cancer who were 
treated with SBRT, with a total dose of 40–60 Gy in 5–10 
fractions. The patients included those staged as cT1-4N0M0 
using the 7th lung cancer TNM classification and staging 
system and those with postoperative local recurrence without 
nodal or distant metastasis. The patients were excluded who 
were lost to follow-up within 6 months. Although biopsy was 
offered to most patients, biopsy results were not available 
for all patients, due to patient refusal, or technical or clinical 
difficulties. For patients without histological confirmation of 
disease, a clinical diagnosis of lung cancer was made by a lung 
cancer review board based on clinical information such as an 
increase in the maximum standardized uptake value on [18F] 
fluorodeoxyglucose positron emission tomography/computed 
tomography (18F-FDG PET/CT), successive enlargements 
on computed tomography (CT) images, and elevated tumor 
marker levels. IIPs were diagnosed by two pulmonologists 
with expertise in IIPs and a diagnostic radiologist (26). All 
patients provided written informed consent. The study was 
approved by the Ofuna Chuo Hospital Review Board (No. 
2016-09).

SBRT

We previously described our SBRT methods in detail (27). For 
the treatment-planning CT, the patient was immobilized 
with a vacuum pillow and abdominal corset that restricts 
respiratory motion within 1 cm, and a long-scan-time 
CT was performed to directly visualize the internal target 
volume. The planning target volume was determined by 
adding a margin of 6–8 mm to the internal target volume. 
For SBRT delivery, dynamic conformal multiple arc 
therapy was used until January 2012; subsequently, non-
coplanar volumetric modulated arc therapy was used. Until 
April 2011, a total dose of 50 Gy was used for peripherally 
located lesions and 40 Gy was used for centrally located 
lesions in 5 fractions at 80% isodose line of the maximum 
dose. Beginning in May 2011, we used three total doses 
in 5 fractions at 60% isodose line of the maximum dose;  
60 Gy for peripherally located lesions and non-adjacent 
to the chest wall, 50 Gy for peripherally located lesions 
adjacent to the chest wall and for centrally located lesions 
not including the main bronchus and/or main pulmonary 
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artery within planning target volume, and 40 Gy for 
centrally located lesions including the main bronchus and/
or main pulmonary artery within planning target volume. 

CAM administration

Since January 2014, we have administered oral CAM for 
patients who had following high risk factors for radiation 
pneumonitis, using 200 mg/day once daily for 3 months 
from the start of SBRT. Pretreatment predictable high-
risk factors included at least one of the following: IIPs 
or secondary interstitial pneumonia (12,28); elevated 
Krebs von den Lungen-6 (KL-6) (>500 U/mL) and/or 
surfactant protein D (SP-D) (>110 ng/mL) (29,30). CAM 
was also administered to patients with other risk factors 
at the physicians' discretion; risk factors included severely 
decreased pulmonary function, a history of thoracic 
irradiation, and severe steroid-dependent asthma. In 
addition, CAM was administered to patients with an onset 
of radiation pneumonitis ≥ grade 1 within 2.5 months 
after SBRT because these patients were regarded to have 
a high risk of radiation pneumonitis (8,9); patients were 
treated with 200 mg/day once daily for 3 months from the 
onset of radiation pneumonitis. Before administration of 
CAM, patients were informed that CAM is an antibiotic 
and also has immunomodulatory effects; it has been used 
to treat inflammatory respiratory diseases with neutrophilic 
inflammation; radiation pneumonitis has similar pathology 
to them. 

Follow up

During the first 6 months after SBRT, all patients were 
monitored monthly with interviews, laboratory data review, and 
chest X-ray examination. Chest imaging follow-up included 
high-resolution CT scans performed at 1 and 3 months  
after SBRT and thereafter at 3-month intervals during 
the first 2 years, even in the absence of clinical symptoms. 
Subsequently, follow-up interviews, laboratory data review, 
and CT scans were obtained at 4–6 months intervals. 
18F-FDG PET/CT was performed to assess the local 
recurrence and to detect distant metastases at approximately 
one year after SBRT and when recurrences were suspected. 
Toxicities were evaluated by radiation oncologists, 
respirologists and diagnostic radiologists. Toxicity was 
graded using the common terminology criteria for adverse 
events (CTCAE) Version 4.0. 

Radiation pneumonitis after SBRT, excluding infection, 

was defined as a graphical change around the planning 
target volume with or without new or worsening respiratory 
symptom such as dry cough, shortness of breath and fever. 
Infectious pneumonitis was defined pneumonitis which 
proven bacterial infection by germ culture, and patients 
recovered by antibiotic. In CTCAE Version 4.0, radiation 
pneumonitis was graded as follows: grade 1, asymptomatic 
radiation pneumonitis observed on diagnostic imaging and 
not requiring intervention; grade 2, symptomatic radiation 
pneumonitis requiring medical intervention; grade 3, severe 
symptoms limiting patient self-care and requiring oxygen; 
grade 4, life-threatening respiratory compromise requiring 
urgent intervention; and grade 5, death from radiation 
pneumonitis. Steroid was administered when patients 
had severe respiratory symptoms. Outpatients requiring 
corticosteroids were graded as grade 2, and patients in 
hospitalization were graded as grade 3 regardless of oxygen 
administration.

Analysis and statistics

Figure 1 shows the analysis flow chart. First, we analyzed 
the incidence of radiation pneumonitis in all patients in 
each era. Second, we extracted patients with and without 
the pretreatment predictable high-risk factors for radiation 
pneumonitis and analyzed each of these groups accordingly. 
Third, we extracted patients with early graphical onset of 
radiation pneumonitis and analyzed accordingly, as these 
patients were regarded to have a high risk of radiation 
pneumonitis (8,9). Specifically, patients treated with CAM 
in the CAM-administration era (CAM-era) included those 
who received CAM from the start of SBRT due to the 
presence of pretreatment predictable high-risk factors and 
those who received CAM after early graphical onset of 
radiation pneumonitis was recognized.

Patient characteristics were compared using the Mann-
Whitney test and the Chi-square test. Follow-up was 
defined as starting from the date of the first SBRT to 
determine median follow-up and time-to-event. Logistic 
regression analysis was used to assess correlations between 
characteristic factors and radiation pneumonitis using both 
univariate and multivariate models. Univariate factors with 
P<0.15 were included in the multivariate analysis. Important 
factors directly related to this study’s main objective were 
also included, regardless of P value. When the correlation 
coefficient (r) between factors exceeded 0.9, the more 
clinically important factor was included. When the number 
of events was not enough to evaluate candidate factors, 
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Figure 1 Study flow chart. SBRT, stereotactic body radiotherapy; IIPs, idiopathic interstitial pneumonias; CAM, clarithromycin; Pts, 

patients; RP, radiation pneumonitis.

some factors were excluded after considering clinical 
importance and correlation coefficient. Values of P<0.05 
were considered statistically significant. Data were analyzed 
with JMP® 11 (SAS Institute Inc., Cary, NC, USA).

Results

Eligible patients 

Between February 2005 and April 2016, 594 patients 
received SBRT for lung cancer with a total dose of 40–60 Gy  
in 5–10 fractions. Among these, 13 patients were lost to 
follow-up within 6 months and were excluded. None of 
the excluded patients suffered from radiation pneumonitis 
during the follow-up. The remaining 581 patients were 
eligible for inclusion in the study. Patients were divided 
into two groups; the 445 patients treated with SBRT before 
December 2013 during the non-CAM-administration era 
(non-CAM-era) and the 136 patients treated with SBRT 
after January 2014 during CAM-era. Among 445 patients in 
non-CAM-era, 14 patients had already been administered for 
their comorbidities of COPD and chronic lower respiratory 
tract infection. No one was given CAM for mitigating 
RP. Among 136 patients in CAM-era, 80 patients were 

treated with CAM. CAM was administered to 52 patients  
with predictable high-risk factors. The other reason for 
CAM administration included history of irradiation in 10 
patients, history of thoracic surgery in 3 patients, very severe 
emphysema (Global Initiative for Chronic Obstructive 
Lung Diseases stage III) in 5 patients, asthma with steroid 
administration in 2 patients, and rheumatoid arthritis 
with methotrexate in 1 patient. In addition, CAM was 
administered to 8 patients with an early onset of radiation 
pneumonitis. Baseline patient characteristics are shown in 
Table 1. Median follow-up durations for patients in the non-
CAM-era and the CAM-era were 38.0 and 13.9 months,  
respectively. 

Some baseline patient characteristics were significantly 
different between the two eras. Some differences were 
due to transition of treatment policy, including CAM 
administration, total dose, isodose prescription, and 
inclusion of high-risk patients. Internal target volume, 
planning target volume, age, histology, and % predicted 
vital capacity were statistically significantly different 
between the two eras, but the differences were too small to 
consider. In contrast, the volume of lung receiving ≥20 Gy 
(V20) and mean lung dose were similar between the two 
eras. Other characteristics were also similar between the 

Figure 2A

Figure 2B

(2C, 2D)

Figure 2E

Figure 2F
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Table 1 Patient and tumor characteristics

Characteristic Non-CAM era before 2013/12 CAM era after 2014/1 P value

No. of all patients 445 136  

Median follow up (range) 38 (3.0–132) 13.9 (2.8–28.6) <0.01

Median age [range] 78 [53–93] 81 [56–91] <0.01

Gender 0.59

Male 315 (71%) 93 (68%)

Female 130 (29%) 43 (32%)

Smoking history 0.38

Yes 341 (77%) 103 (76%)

No 89 (20%) 33 (24%)

Unknown 15 (3%) 0

Pack-years (range) 40 (0–225) 30 (0–228) 0.18

CAM administration 14 (3%) 80 (59%) <0.01

Disease

Maximum diameter (cm) 2.5 (0.5–9.2) 2.4 (0.8–6.0) 0.21

ITV (mL) 8.9 (0.2–314) 8.2 (0.5–105) <0.05

PTV (mL) 36.7 (6.1–363) 34.2 (7.4–232) <0.05

Primary lung cancer

T stage 0.26

1a 135 (30%) 36 (26%)

1b 117 (26%) 40 (29%)

2a 110 (25%) 42 (31%)

2b 11 (2%) 4 (3%)

3–4 40 (9%) 8 (6%)

r1–4 32 (7%) 6 (4%)

Histology  <0.01

ad 131 (29%) 35 (26%)

sq 84 (19%) 7 (5%)

NSCLC 33 (7%) 9 (7%)

sc 8 (2%) 1 (1%)

Unproven 189 (42%) 84 (62%)

Location 0.06

Central 139 (31%) 31 (23%)

Peripheral 306 (69%) 105 (77%)

Table 1 (continued)
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Table 1 (continued)

Characteristic Non-CAM era before 2013/12 CAM era after 2014/1 P value

Pulmonary function tests

Vital capacity (L) 2.42 (1.05–4.28) 2.44 (0.69–4.76) 0.17

Vital capacity [% predicted] 81 [38–136] 78 [29–127] <0.05

FEV1.0 (L) 1.5 (0.37–3.44) 1.62 (0.51–3.81) 0.15

FEV1.0 [% predicted] 73 [18–146] 70 [25–134] 0.24

GOLD criteria 0.32

Non-COPD 225 (51%) 70 (51%)

I 27 (6%) 13 (10%)

II 96 (22%) 30 (22%)

III 72 (16%) 21 (16%)

IV 21 (5%) 2 (1%)

Unmeasurable 4 (1%) 0 (0%)

Treatment

Total dose <0.01

60 Gy 41 (9%) 31 (23%)

50 Gy 309 (69%) 92 (67%)

40 Gy 95 (21%) 13 (10%)

Fractionation 0.07

5 441(99%) 132 (97%)

10  4 (1%) 4 (3%)

Isodose prescription  

60 141 (32%) 132 (97%) <0.01

70 17 (4%) 3 (2%)

80 287 (64%) 1 (1%)

V20 (%) 4.7 (0–27.3) 4.8 (1.0–17.0) 0.99

Mean lung dose (Gy) 3.9 (0.2–13.2) 3.7 (1.1–10.2) 0.19

No. of predictable high-risk patients 125 (28%) 52 (38%) 0.02

Idiopathic interstitial pneumonias 32 (7%) 13 (10%) 0.37

Elevated KL-6 and/or SP-D 112 (25%) 49 (36%) 0.13

CAM, clarithromycin; ITV, internal target volume; PTV, planning target volume; ad, adenocarcinoma; sq, squamous cell carcinoma; NSCLC, 
non-small cell lung cancer; sc, small cell carcinoma; FEV1.0, forced expiratory volume in 1 second; GOLD, global initiative for chronic 
obstructive lung diseases stage; V20, the normal lung volume receiving ≥20 Gy; KL-6, sialylated carbohydrate antigen; SP-D, surfactant 
protein D.
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Figure 2 Rates of radiation pneumonitis in the CAM-era versus the non-CAM-era. CAM-era, CAM-administration era; non-CAM-era, 
non-CAM-administration era; IIPs, idiopathic interstitial pneumonias; KL-6, Krebs von den Lungen-6; SP-D, surfactant protein D; RP, 
radiation pneumonitis. 
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two eras. 

Rates of radiation pneumonitis

Figure 2 shows the numbers and rates of radiation 
pneumonitis by grades. Among all patients, the rates 
of radiation pneumonitis ≥ grade 2 and ≥ grade 3 were 
significantly lower in the CAM-era than in the non-CAM-
era (grade ≥2, 16% vs. 9.6%, P=0.047; grade ≥3, 3.8% vs. 

0.73%, P=0.037) (Figure 2A). 
We then evaluated only those patients with pretreatment 

predictable high-risk factors for developing radiation 
pneumonitis. The numbers of patients in the non-CAM-
era and the CAM-era were 125 and 52, respectively. The 
rate of radiation pneumonitis ≥ grade 3 was significantly 
lower in the CAM-era, and the rate of grade ≥2 had a lower 
tendency in the CAM-era (grade ≥3, 7.2% vs. 0%, P=0.011; 
grade ≥2, 21% vs. 9.6%, P=0.061) (Figure 2B). Specifically, 
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patients with elevated KL-6 and/or SP-D showed a tendency 
toward lower rates of radiation pneumonitis ≥ grade 2 in the  
CAM-era and had significantly lower rates of radiation 
pneumonitis ≥ grade 3 (Figure 2C). Patients with IIPs had 
significantly lower rates of radiation pneumonitis ≥ grade 3 
in the CAM-era (Figure 2D). Additionally, no patients with 
IIPs suffered from radiation pneumonitis ≥ grade 3 in the 
CAM-era. In contrast, among patients with no identified risk 
factors, there were no differences in the rates of radiation 
pneumonitis between the two eras (Figure 2E).

We next evaluated patients with early onset radiation 
pneumonitis that appeared radiographically within  
2.5 months after SBRT. The rates of early onset radiation 
pneumonitis were similar in the non-CAM-era and the 
CAM-era: 14% vs. 13%, respectively, P=0.68. However, 
the severity of radiation pneumonitis was significantly 
different between the two eras. No patient in the CAM-era 
developed grade ≥3 radiation pneumonitis, but 14 patients 
(23%) developed radiation pneumonitis grade ≥3 in the 
non-CAM-era (61 patients) (Figure 2F). 

Univariate and multivariate analyses

Univariate analysis revealed that pack-years, planning target 
volume, T stage, V20, mean lung dose, and non-CAM-era  
were significant predictors of radiation pneumonitis ≥ 
grade 2 (Table 2). Mean lung dose was excluded from the 
multivariate analysis because the correlation coefficient (r)  
between V20 and mean lung dose exceeded 0.9. In the 
multivariate analysis, pack-years, T stage, V20, and non-
CAM-era remained significant risk factors. The pretreatment 
predictable high-risk factors for radiation pneumonitis 
showed a tendency toward radiation pneumonitis.

In patients with radiation pneumonitis ≥ grade 3 (Table 3),  
univariate analysis revealed that V20, mean lung dose, and 
IIPs were significant predictive factors. planning target 
volume was excluded, as was mean lung dose, because the 
number of events (n=18) was small. However, the dosimetry 
factor V20, a clinically important factor for radiation 
pneumonitis, was included. In the multivariate analysis, 
V20, the pretreatment predictable high-risk factors, and 
non-CAM-era remained significant. 

Discussion

Radiation pneumonitis is one of the most critical pulmonary 
toxicities following SBRT for lung tumors. Many previous 
radiation pneumonitis studies have investigated risk 

factors (12,28-31), dose-volumetric analyses (32,33), and 
prophylactic drugs (34,35). 

IIPs are one risk factor for the development of radiation 
pneumonitis (30,31). Several reports have suggested that 
radiation pneumonitis ≥ grade 3 in patients with IIPs may 
have certain etiological features in common with acute 
exacerbations of IIPs (7-12). In addition, KL-6 and SP-D, 
which are serum marker for IIPs, play a role in detecting 
patients who are at high risk for radiation pneumonitis 
(29,30) and in monitoring the severity of radiation 
pneumonitis (36). In patients with IIPs, severe radiation 
pneumonitis starts very early after SBRT and is progressive 
and often fatal (8,9). In addition, according to a report on 
patients who suffer from grade 5 radiation pneumonitis after 
lung SBRT, more than half had usual interstitial pneumonia 
(UIP) pattern on CT (37). Based on these reports, IPF 
patients were contraindicated in previous prospective SBRT 
studies (38,39) and IPF has been regarded as a relative 
contraindication to SBRT in clinical practice. Despite this, 
we have carefully treated IIPs patients with SBRT at our 
institution after thorough informed consent.

AEs of IIPs often follows various lung cancer treatments, 
including radiotherapy (40), surgery (41), and antineoplastic 
agents (42). For lung cancer patients treated with surgery, 
prophylactic macrolides have been empirically administered 
in 38 of 220 (17%) Japanese institutions (43) although the 
efficacy of macrolide therapy has been uncertain. We thus 
investigated the immunomodulatory effect of macrolides in 
patients at high risk for developing radiation pneumonitis. 
We found that administration of CAM decreased the rate of 
radiation pneumonitis and improved radiation pneumonitis 
severity. This is the first study to demonstrate the efficacy of 
prophylactic CAM administration for mitigating radiation 
pneumonitis.

Mechanisms of radiation pneumonitis, and the 
immunomodulatory effects of macrolides

Although the specific mechanisms underlying radiation 
pneumonitis and the immunomodulatory effects of 
macrolides remain uncertain, some evidence suggests that 
macrolides may be an effective way to mitigate radiation 
pneumonitis. 

Radiation pneumonitis is characterized by interstitial 
pneumonia (44). The early histopathologic finding after 
radiotherapy is described as diffuse alveolar damage (4). 
This includes edema of the alveolar walls due to increased 
vascular permeability and exudation of proteins into the 
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Table 2 Logistic regression analysis for radiation pneumonitis ≥ grade 2 (n=85)

Characteristic n
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age  0.99 0.96–1.02 0.41    

Gender   0.14  0.54 

Male 408 1 – – 1 – –

Female 173 1.43 0.88–2.31 – 0.82 0.43–1.54 –

Pack–years     0.009  0.02

<20 186 1.00 – – 1.00 – –

20–50 195 0.82 0.48–1.38 0.45 0.80 0.40–1.56 0.51

＞50 184 0.40 0.21–0.73 0.003 0.36 0.16–0.79 0.01

PTV 1.01 1.00–1.01 0.049 1.00 0.99–1.01 0.90

T stage    0.02   0.047

T1a–b 328 1 – – 1.00 – –

T2a–b 167 1.84 1.11–3.04 0.02 1.30 0.68–2.44 0.42 

T3–4 48 0.48 0.11–1.40 0.20 0.30 0.06–1.10 0.07 

rT1–4 38 1.92 0.78–4.31 0.15 1.89 0.72–4.53 0.18 

Histology    0.34   

Proven NSCLC 308 1 – – – – –

Clinical NSCLC 273 1.25 0.79–1.99 – – – –

Location    0.42    

Peripheral 411 1 – – – –  –

Central 170 1.22 0.74–1.99 – – – –

%VC   0.65    

80–140 292 1 – – – – –

70–79 151 1.17 0.66–2.02 0.59 – – –

−69 + unmeasurable 138 1.30 0.73–2.26 0.37 – – –

GOLD   0.07   0.39 

Non–COPD 295 1 – – 1 – –

I–II 166 0.93 0.55–1.55 0.89 1.28 0.71–2.27 0.41 

III–IV + unmeasurable 120 0.46 0.21–0.90 0.02 0.75 0.32–1.62 0.47 

Total dose   0.10   0.11 

60 Gy 72 0.39 0.13–0.93 0.03 0.38 0.12–0.95 0.04 

50 Gy 401 1 – – 1 – –

40 Gy 108 0.92 0.49–1.62 – 0.93 0.47–1.79 0.84 

V20 1.14 1.07–1.23 0.001 1.14 1.02–1.28 0.03

Table 2 (continued)
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Table 2 (continued)

Characteristic n
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

MLD – 1.34 1.18–1.52 0.001 – – –

Predictable high–risk RP factors   0.19  0.06 

No 404 1 – – 1 – –

Yes 177 1.38 0.84–2.22 – 1.70 0.98–2.91 –

Idiopathic interstitial pneumonias 0.06    

No 536 1 – – –  –

Yes 45 2.02 0.94–4.05 – – – –

Elevated KL–6/SP–D    0.15    

No 420 1 – – – –  –

Yes 161 1.43 0.87–2.32 – – –  –

CAM administration    0.47    

No 487 1 – – – – –

Yes 94 1.24 0.67–2.21 – – – –

Era   0.047   0.04

Non–CAM era 445 1 – – 1 – –

CAM era 136 0.55 0.28–0.99 – 0.51 0.26–0.96 –

HR, hazard ratio; CI, confidence interval; PTV, planning target volume; NSCLC, non-small cell lung cancer; %VC, vital capacity as percent 
of predicted; GOLD, Global Initiative for Chronic Obstructive Lung Diseases stage; V20, the normal lung volume receiving ≥20 Gy;  
MLD, mean normal lung dose; RP, radiation pneumonitis; KL-6, sialylated carbohydrate antigen; SP-D, surfactant protein D; CAM, 
clarithromycin.

alveolar space. Inflammatory cell infiltration is generally 
present. Activated macrophages produce a variety of 
cytokines with mitogenic or chemotactic properties 
that lead to neutrophil and lymphocyte recruitment (4). 
Irradiation to the lung significantly increased neutrophils 
and lymphocytes in bronchoalveolar lavage fluid in 
murine models and in humans (2,3). A genetic variant of 
interleukin-8 (IL-8) (rs4073), which is associated with 
increased secretion of IL-8, was found to increase radiation 
pneumonitis risk 3-fold (5).

Macrolides have immunomodulatory effects. These 
inhibit neutrophil activation and mobilization, accelerate 
neutrophil apoptosis, afford cytoprotection, and decrease 
activation of nuclear transcription factors mediated by 
various cytokines. IL-8 is one of the key cytokines and a 
major neutrophil chemoattractant, and decrease the number 
of neutrophils recruited in the airway (13). Macrolides 
significantly reduce neutrophil counts in bronchoalveolar 

lavage fluid by suppressing IL-8 production in patients 
with diffuse panbronchiolitis (45). In vitro, EM and CAM 
suppressed IL-8 messenger RNA (mRNA) expression as 
well as protein levels in normal human bronchial epithelial 
cells and transformed bronchial epithelial cells (46). In 
addition, CAM ameliorates the deleterious effects of 
thoracic irradiation by reducing respiratory inflammation, 
oxidative damage, and fibrosis (25). CAM can shift cells 
toward a quiescent stage (G0/G1) affording cytoprotection 
as inflammation and oxidative stress is the most damaging 
to growing cells (47-49).

Several reports have demonstrated that macrolides were 
effective, or facilitated the efficacy of other therapies, in the 
treatment of IIPs (20-22) and organizing pneumonia (23,24). 
Macrolide therapy combined with other agents significantly 
decreased the incidence of acute exacerbations in patients 
with IPF (21). Macrolides combined with high-dose 
corticosteroids may also be effective in mitigating rapid 
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Table 3 Logistic regression analysis for radiation pneumonitis ≥ grade 3 (n=18)

Characteristic n
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age 1.00 0.94–1.07 1.00 – – –

Gender 0.39 

Male 408 1 – – – – –

Female 173 1.52 0.55–3.93 – – –

Pack–years 0.85 

<20 186 1.00 – – – – –

20–50 195 0.81 0.26–2.49 0.71 – – –

>50 184 0.71 0.21–2.28 0.57 – – –

PTV – 1.01 1.00–1.02 0.07 – – –

T stage 0.15 

T1a–b 328 1 – – – – –

T2a–b 167 2.01 0.72–5.56 0.17 – – –

T3–4 48 0.00 blank–1.85 0.13 – – –

rT1–4 38 2.22 0.33–9.29 0.36 – – –

Histology 0.79 –

Proven NSCLC 308 1 – – – – –

Clinical NSCLC 273 1.13 0.44–2.94 – – – –

Location 0.89  – – –

Peripheral 411 1 – – – – –

Central 170 0.93 0.29–2.50 – – – –

%VC 0.14 0.09

80–140 292 1 – – 1.00 – –

70–79 151 0.83 0.18–3.02 0.78 0.78 0.16–2.92 0.73

−69 + unmeasurable 138 2.51 0.88–7.29 0.37 2.82 0.97–8.42 0.06

GOLD 0.19 

Non–COPD 295 1 – – – – –

I–II 166 0.31 0.05–1.19 0.09 – – –

III–IV + unmeasurable 120 1.12 0.35–3.16 0.83 – – –

Total dose 0.36 

60 Gy 72 0.36 0.02–1.83 0.26 – – –

50 Gy 401 1 – – – – –

40 Gy 108 0.49 0.08–1.76 – – – –

V20 1.14 1.02–1.26 <0.05 1.14 1.02–1.27 0.03

MLD 1.44 1.16–1.77 <0.01 – – –

Table 3 (continued)
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Table 3 (continued)

Characteristic n
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Predictable high–risk RP factors 0.08 0.03

No 404 1 – – 1 – –

Yes 177 2.35 0.90–6.12 3.11 1.15–8.48 

Idiopathic interstitial pneumonias <0.01

No 536 1 – – – – –

Yes 45 6.72 2.24–18.30 – – – –

Elevated KL–6/SP–D 0.12 

No 420 1 – – – – –

Yes 161 2.14 0.80–5.53 – – – –

CAM administration 0.24 

 No 487 1 – – – – –

 Yes 94 0.30 0.02–1.48 – – – –

Era 0.10 0.02

Non–CAM era 445 1 – – 1 – –

CAM era 136 0.19 0.01–0.92 – 0.14 0.01–0.75 –

HR, hazard ratio; CI, confidence interval; PTV, planning target volume; NSCLC, non-small cell lung cancer; %VC, vital capacity as 
percent of predicted; GOLD, global initiative for chronic obstructive lung diseases stage; V20, the normal lung volume receiving ≥20 Gy;  
MLD, mean normal lung dose; RP, radiation pneumonitis; KL–6, sialylated carbohydrate antigen; SP-D, surfactant protein D; CAM, 
clarithromycin.

progression of respiratory failure in patients with acute 
exacerbations of IPF (22), and also decreased mortality 
rate significantly in patients with acute exacerbation of 
chronic fibrosing interstitial pneumonia (20). In addition, 
macrolides were effective in treating cryptogenic organizing 
pneumonia (23,24) and radiation-related organizing 
pneumonia (24). 

Risk factors for radiation pneumonitis

In this study, we considered IIPs, pre-treatment elevation 
of KL-6 and/or SP-D, and early onset of radiation 
pneumonitis as risk factors for severe radiation pneumonitis 
(8,9,12,28-30), and administered CAM to patients with 
those risks. Dose-volumetric factors related to the lung 
were not included as high-risk factors in the current study, 
although they are well known to be risk factors for radiation 
pneumonitis (32,33). In these studies, grade 2 radiation 
pneumonitis was targeted as the primary event. Grade 2 
radiation pneumonitis is defined as symptomatic dyspnea 

that limits the activities of daily living and may require 
initiation or increase of corticosteroids; it is often mild and 
remits spontaneously in patients treated with SBRT. In 
contrast, grade 3 radiation pneumonitis, in which we are 
primarily interested, is severe and may worsen to a higher 
grade radiation pneumonitis. We previously analyzed 
dose-volumetric factors among patients with grade 0–1, 
grade 2, and grade 3 radiation pneumonitis (50). We found 
that V5–30 and mean lung dose in patients with grade 2 
radiation pneumonitis were significantly higher than in 
patients with grade 0–1. However, V5–30 and mean lung 
dose in patients with grade 3 radiation pneumonitis were 
as low as in patients with grade 0–1 radiation pneumonitis. 
These results suggested that severe radiation pneumonitis 
grade is independent of dose-volumetric factors, may 
have a unique etiology, and may occur in patients who are 
more susceptible to acute radiation injury, even when safer 
dosimetry values are used. In other words, grade 3 radiation 
pneumonitis may not always occur as a progression from 
grade 2 radiation pneumonitis. Therefore, we did not 
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prescribe CAM to patients with higher dose-volumetric 
values. 

Multivariate analysis revealed that the dose-volumetric 
factor mean lung dose was a significant risk factor for both 
radiation pneumonitis ≥ grade 2 and ≥ grade 3, as well as 
IIPs and elevated KL-6 and/or SP-D. Future prospective 
clinical studies are required to validate whether radiation 
pneumonitis can be mitigated by CAM in patients with high 
dose-volumetric factors and in patients with IIPs and elevated 
KL-6 and/or SP-D. In addition, we should pay attention to 
the other potential risk factors such as the use of molecular 
targeted agents and immune checkpoint inhibitors.

Radiation pneumonitis occurs more often when 
patients with locally advanced lung cancer are treated with 
conventionally fractioned chemoradiotherapy because radiation 
fields are larger and concurrent chemotherapy enhances the 
risk of severe radiation pneumonitis. If macrolides are truly 
effective to mitigate radiation pneumonitis, it will contribute 
to safer treatment in advanced lung cancer patients.

Limitation

Although CAM seems to mitigate both mild and severe 
radiation pneumonitis, the optimal CAM dosage, duration 
and indication, and the appropriate treatment candidates, 
remain unknown. In the single patient in our study who 
suffered from grade 3 radiation pneumonitis in spite of CAM 
administration, CAM was stopped 3 months after SBRT 
when a small ground-glass opacity (grade 1) appeared. The 
patient subsequently deteriorated and ultimately required 
continuous oxygen therapy (grade 3). Because CAM is 
safely used as a long-term anti-inflammatory therapy in 
patients with chronic inflammatory lung diseases, longer 
administration may have been tolerated in this patient, and 
may have prevented his subsequent decline. 

This study has several limitations. First, this was a 
retrospective study, performed at a single-institution, and 
divided into two time periods. The patients treated in the 
non-CAM-era represent an older cohort who may have 
undergone older treatment modalities. SBRT methods 
and dose prescription have slightly changed. However, 
comparison of patient and tumor characteristics between 
the two eras revealed little difference in factors. Second, 
the indication for CAM treatment in this study was not 
thoroughly consistent. Third, median follow-up time in the 
CAM-era was shorter at 13.5 vs. 38 months. The length of 
follow-up for some of the patients in the CAM-era group 
may be too short to capture some radiation pneumonitis 

events. Nevertheless, we found that CAM appears to 
mitigate radiation pneumonitis, a finding that should be 
confirmed in larger prospective studies. 

Conclusions

CAM mitigated radiation pneumonitis in patients with lung 
cancer treated with SBRT. The efficacy of CAM should be 
confirmed in larger prospective studies.
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