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Introduction

　Radiation recall reaction is a phenomenon in which 
a recall-triggering drug induces an acute inflammatory 
reaction in a site corresponding to a previously irradi-
ated area.  Typically, chemotherapy-induced dermatitis 
appears in the skin corresponding to previously irradi-
ated areas after the administration of a chemotherapeu-
tic agent.  The most common site for radiation recall 
reactions is the skin, but these reactions can also occur 
in the lungs, mucosa, gastrointestinal tract, and central 
nervous system [1].  The development of radiation re-
call reactions has been reported in response to many 

anticancer drugs [1-5].
　Immune checkpoint inhibitors have rapidly been 
introduced as cancer treatments in recent years.  A 
cancer-specific immunostimulatory effect, induced 
by radiation therapy, has also been reported, and the 
combination of radiation therapy and immunotherapy 
has received increasing interest.  We report a case of 
severe radiation recall pneumonitis, induced by pem-
brolizumab, an immune checkpoint inhibitor (ICI) that 
acts as an anti-programmed death receptor-1 (PD-1) 
drug, after the resolution of typical asymptomatic ra-
diation pneumonitis.
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Case Report

　The patient had undergone a left upper lobectomy 
and lymph node dissection for stage I non-small cell 
lung cancer eight years and nine months prior to our 
treatment.  Although neither recurrence nor metasta-
sis was observed, new lung cancer was found in the 
right lower lobe 3 years and 2 months previously, and 
the excision of right lower lobe segments (S6-S8) was 
performed.  The postoperative pathological diagnosis 
was adenocarcinoma (pT1N0M0).  No mutations were 
identified in the epidermal growth factor receptor gene, 
anaplastic lymphoma kinase fusion gene, or ROS1 fu-
sion gene.  The programmed death-ligand 1 (PD-L1) 
expression was 50–60%.  One year and 7 months be-
fore the time of the present report, computed tomog-
raphy (CT) showed an increase in the resected margin 
soft tissue of the right lower lobe of the lung and the 
enlargement of the right hilar lymph node (Figure 1A).  
Local recurrence was diagnosed, based on high posi-
tron emission tomography (PET)/CT uptake [maxi-
mum standardized uptake value (SUVmax) of 14.26], 
and salvage chemoradiotherapy was performed.
　For radiotherapy, a total dose of 64 Gy, in 32 frac-
tions, was administered to the recurrent lesions, based 
on 3-dimensional treatment planning, and prophylac-
tic irradiation of 40 Gy was administered to the right 

hilar and upper mediastinal lymph nodes (Figure 1B).  
The dose parameters were a lung V20 of 25.9%, a lung 
V5 of 38%, and a mean lung dose of 15 Gy, which are 
the standard dosing regimens for postoperative recur-
rent lung cancer.  Concurrent chemotherapy consisted 
of weekly administration of carboplatin (area under 
the curve of 2) and paclitaxel (40 mg/m2).
　CT performed 2 months after the completion of ra-
diotherapy showed a complete response in the recur-
rent lesion.  Three months after the completion of ra-
diotherapy, CT showed the appearance of infiltrative 
shadows, which were well-matched with the irradiated 
high-dose area, with no subjective symptoms (Figure 
2A).  We diagnosed the shadow as grade 1 typical ra-
diation pneumonitis, based on Common terminology 
criteria for adverse events, version 5.0.
　Multiple bone metastasis, bilateral adrenal metas-
tasis, and abdominal para-aortic lymph node metasta-
sis were observed at 4 months after the completion of 
radiotherapy.  The administrations of tri-weekly car-
boplatin (area under the curve of 4) and weekly nab-
paclitaxel (100 mg/m2) were started.  CT at 5 months 
after the completion of radiotherapy showed that the 
radiation pneumonitis had resolved spontaneously 
(Figure 2B).
　Brain metastases were recognized in magnetic reso-
nance imaging scans at 6 months after the completion 

A B

Figure 1.  Radiotherapy for postoperative local recurrence.  A: Computed tomog-
raphy (CT) imaging of postoperative local recurrence in the patient with non-small 
cell lung cancer.  B: Dose distribution of radiotherapy administered for the treatment 
of postoperative local recurrence.  Red line: 66 Gy, Magenta line: 64 Gy, Yellow line: 
56 Gy, Blue line: 30 Gy, Dark green line: 20 Gy.
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of radiotherapy.  Pembrolizumab (4.5 mg/kg) mono-
therapy was initiated as a new systemic treatment.  
Thirty-five days after the initial administration of 
pembrolizumab, the patient noted shortness of breath 
on exertion, and oxygen saturation (SpO2) decreased 
to 93% (room air), requiring oxygen administration.  
CT showed recurrent pneumonia, corresponding to the 
mid- to high-dose area of the radiation field (Figure 
3A).  We diagnosed the patient as having radiation re-
call pneumonitis, induced by pembrolizumab, based 
on the course of treatment (Figure 4), CT findings, and 
the results of peripheral blood and bronchoalveolar 
lavage fluid tests, which were all consistent with ra-
diation recall pneumonitis (Table 1).  Pembrolizumab 
was discontinued, and 3 days of steroid pulse therapy 
(methylprednisolone at 1,000 mg/day) was immedi-

ately administered.  Subsequently, the intravenous 
injection of water-soluble prednisolone (60 mg/day) 
was administrated and the patient was switched to the 
oral administration of prednisolone (40 mg/day).  The 
symptoms rapidly improved, and 3 months after the 
initiation of steroid therapy, CT showed a marked im-
provement of the radiation recall pneumonitis (Figure 
3B).  Prednisolone was tapered off over 8 months and 
then discontinued.  No recurrence of radiation recall 
pneumonitis was recognized.
　Subsequently, palliative radiotherapy was per-
formed for multiple bone metastases, and stereotactic 
radiosurgery was performed for brain metastases, but 
the multiple metastases progressed, and the patient 
died 2 years and 1 month after salvage chemoradio-
therapy for postoperative recurrent lung cancer.

Figure 2.  Asymptomatic radiation pneumonitis.  A: Asymptomatic radiation pneu-
monitis was recognized three months after the completion of radiotherapy, correspond-
ing to the previously irradiated area.  B: The radiation pneumonitis resolved spontane-
ously 2 months later.

A B

Figure 3.  The clinical course of radiation recall pneumonitis.  A: Computed tomogra-
phy (CT) imaging at the onset of radiation recall pneumonitis showed the appearance of 
widespread pneumonia corresponding to the area receiving middle- to high-dose radiation 
in the right lung, with pulmonary emphysema.  B: Radiation recall pneumonitis had im-
proved three months after the initiation of steroid therapy.

A B
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Discussion

　The present case is remarkable because it demon-
strated that pembrolizumab-induced radiation recall 
pneumonitis can occur, even after asymptomatic radia-
tion pneumonitis has been resolved, as the severe re-
lapse of radiation pneumonitis appeared to be induced 
by pembrolizumab administration.
　Radiation recall reaction has been demonstrated to 
occur with the administration of cytotoxic anticancer 
agents such as methotrexate, paclitaxel, docetaxel, and 
gemcitabine, as well as molecular-targeting drugs such 
as trastuzumab, gefitinib, and osimertinib [2-4, 6-9].  
Although the pathogenesis of radiation recall reaction 
is not understood in detail, Kitani et al reported that 
the cells that remain following radiation therapy may 
be intolerant to chemotherapy, due to a decrease in the 
number of tissue stem cells and genetic mutations [10].
　For ICIs, 2 cases of radiation recall pneumonitis 
have been reported for nivolumab, an anti-PD-L1 drug 
[11].  Both cases received definitive radiation therapy, 
at 60 Gy, 2 years before the onset of radiation recall 
pneumonitis, with the appearance of pneumonia corre-
sponding to the irradiated area.  Both of those patients 
were treated with oral steroids, and their symptoms 
rapidly improved.  To our knowledge, only one brief 

Figure 4.  Overview of the time course and treatment of the disease.  CBDCA: carbo-
platin, nab-PAC: nab-paclitaxel, CCRT: concurrent chemoradiotherapy, PAC: paclitaxel, iv: 
intravenous infusion.

Table 1.  Laboratory findings at the onset of radiation re-
call pneumonitis

Clinical test items

Peripheral blood test findings
WBC (/µl ) 8.5 × 103

NEUTRO (%) 80.7
LYMPH (%) 6.2
EOS (%) 2.5
MONO (%) 10.5
HGB (g/dl ) 10.7
PLT (/µl ) 211 × 103

CRP (mg/dl ) 0.64
KL-6 (U/ml ) 2,101

Bronchoalveolar lavage fluid
Puncture fluid cell count (/µl) 50
Neutrophil (%) 17
Lymphocyte (%) 10
Eosinophile (%) 6
Macrophages (%) 67
CD4 (%) 42
CD8 (%) 48
CD4/CD8 0.88

WBC: White blood cell, NEUTRO: Neutrophil, LYMPH: Lym-
phocyte, EOS: Eosinophils, MONO: Mononucleosis, HGB: He-
moglobin, PLT: Platelet count, CD: Cluster of differentiation
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description of a patient with pembrolizumab-induced 
radiation recall pneumonitis has been reported [12].  
The reported patient experienced asymptomatic radia-
tion recall pneumonitis 10 months after the adminis-
tration of pembrolizumab, which corresponded to the 
area that had been irradiated 14 months earlier.  Pred-
nisone, at 1 mg/kg, was initiated, followed by a pro-
longed tapering off.  Repeated CT imaging 3 months 
later showed the resolution of the radiation recall 
pneumonitis shadow.
　In our case, the typical, asymptomatic (Grade 1) ra-
diation pneumonitis that occurred 3 months after the 
completion of irradiation was resolved.  However, 6 
months after the completion of irradiation, the patient 
presented with severe symptomatic pneumonia 35 
days after the administration of pembrolizumab, and 
the pneumonia progressed rapidly.  In previous reports 
of radiation recall reaction in response to cytotoxic an-
ticancer drugs, the time from completion of irradiation 
to the development of radiation recall reaction ranged 
from 2 days to 15 years.  The median time from the 
first administration of cytotoxic anticancer drugs to 
the onset of radiation recall pneumonitis was 42 days 
[5].  Previous reports of radiation recall pneumonitis 
have also described good responses to steroid thera-
py.  Although no consensus exists regarding whether 
steroid pulse therapy is necessary for radiation recall 
pneumonitis, selection of steroid pulse therapy should 
based on the severity of the disease.  We diagnosed the 
pneumonia in our case as radiation recall pneumonitis 
due to the course of treatment, the good response to 
steroids, and the consistent peripheral blood and bron-
choalveolar lavage fluid test results.
　Pembrolizumab is an anti-PD-1 ICI that has been 
used as monotherapy and in combination with other 
anticancer drugs to treat unresectable, advanced, or 
recurrent non-small cell lung cancer.  ICIs can cause 
inflammatory reactions, termed immune-related ad-
verse events (irAEs), such as endocrine disorders, skin 
reactions, colitis, and pneumonia [13, 14].  The occur-
rence of immune-related pneumonitis following the 
administration of pembrolizumab has been reported 
to be approximately 3% [15].  Su et al conducted a 
meta-analysis to determine the risks of pneumonia as-
sociated with various ICIs when treating solid tumors, 
and demonstrated that only pembrolizumab showed a 

significant increase in grade 3-5 pneumonitis, com-
pared with chemotherapy [15].  ICI-induced pneumo-
nia is associated with the dysregulation of effector and 
regulatory T cells in the lung interstitium, ultimately 
causing an inflammatory response [15].  Both PD-L1 
and PD-L2 are ligands for PD-1.  PD-L1 inhibitors do 
not inhibit the interaction between PD-L2 and PD-1; 
thus, PD-1 inhibitors may cause severe irAE compared 
with PD-L1 inhibitors.  Xiao et al demonstrated that 
blocking the interaction between PD-L2 and repulsive 
guidance molecule b (RGMb), which is expressed by 
lung interstitial macrophages and alveolar cells, mark-
edly impaired the development of respiratory toler-
ance [16].
　Our experience with this case suggests that pembro-
lizumab may induce severe radiation recall pneumoni-
tis, even after the resolution of typical asymptomatic 
radiation pneumonitis.  The synergistic effects of ICIs 
and radiation therapy on the activation of antitumor im-
munity, including the “abscopal effect”, have attracted 
attention, as ICIs are likely to be increasingly adminis-
tered to patients who have received radiation.  Recent-
ly, durvalumab, an anti-PD-L1 antibody, has been used 
during maintenance therapy after radical chemoradio-
therapy in patients with unresectable, locally advanced, 
non-small cell lung cancer.  There is a need for further 
reports and studies examining radiation recall pneumo-
nitis caused by radiotherapy and ICIs.
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