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Background: Radiation recall pneumonitis (RRP) is an unpredictable but relatively

severe subclinical radiation damage which occurs in the previously irradiated fields of

pulmonary tissue after administration of a systemic agent. Previous reports of RRP

were mainly attributed to chemotherapy and molecular-target agents. RRP induced by

immunotherapy has been rarely reported. Here we describe a case of a novel pattern

of RRP induced by anti-PD-1 blockade Camrelizumab 2 years after radiotherapy, with

some focus on further understanding of this phenomenon.

Case Report: A 64-year-old man with non-small cell lung cancer (NSCLC) received

two cycles of chemotherapy with cisplatin and pemetrexed first. Subsequently,

he underwent concomitant chemoradiotherapy with cisplatin and pemetrexed to

simultaneous integrated boost (SIB) radiotherapy. After 15 months, due to tumor

progression and brain metastasis, he started with administration of anti-PD-1 blockade

Camrelizumab (200mg q2w) and stereotactic radiosurgery (SRS). The patient developed

fever, dyspnea and cough after the eighth administration of Camrelizumab. Meanwhile,

his chest CT revealed patchy consolidation and ground-glass opacities localized within

the previously irradiated area. Subsequent treatment regimen was adjusted to 80mg

q12h prednisolone with discontinuation of Camrelizumab. Then the symptoms gradually

eased and reexamination of CT showed significant improvement in RRP after 2 weeks.

Conclusion: Our case report presents a novel pattern of RRP induced by anti-PD-1

blockade Camrelizumab 2 years after radiotherapy. This indicates that previous

radiotherapy combined with subsequent anti-PD-1 blockade has a potential to cause

overlapping damage to lung, suggesting that intensive attention might be needed for

patients who are treated with anti-PD-1 blockade in conjunction with a prior history of

thoracic radiation.

Keywords: radiation recall pneumonitis (RRP), anti-PD-1 blockade, thoracic radiation, immunotherapy,

Camrelizumab
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BACKGROUND

Radiation recall pneumonitis (RRP) is an unpredictable, poorly
understood phenomenon which occurs in the previously
irradiated fields of pulmonary tissue after subsequent
administration of a pharmacological agent. Typically, radiation-
induced inflammatory reactions happen within 6–9 months
following radiotherapy, whereas RRP usually occurs after a
longer non-inflammatory interval and only after the application
of systemic anti-tumor agents. To our knowledge, several studies
reported that anti-tumor drugs could cause RRP with the
majority attributed to chemotherapy and molecular-target agents
(1–4). RRP induced by immunotherapy has been rarely reported.

Lung toxicity is one of the most common side effects of
both thoracic radiation and immunotherapy (5, 6). Therefore,
the combination of radiotherapy with immunotherapy has a
potential to cause overlapping damage to the lung. Though
with significantly improved progression-free survival (PFS) and
overall survival (OS), the KEYNOTE-001 trial demonstrated that
there was a statistical difference in treatment related pulmonary
toxicities between patients with advanced NSCLC who had
been treated with any RT before receiving pembrolizumab than
those who had not (13 vs. 1%, p = 0.046) (7). Likewise, the
PACIFIC study showed that pulmonary toxicities of any grade
were more common in the durvalumab arm than the placebo
arm (33.9 vs. 24.8%, respectively) (8). The available data above
indicate that patients receiving anti-PD-1/PD-L1 blockades with
a history of any RT are prone to develop lung toxicities. Our
case presents a novel pattern of the potential overlapping damage
with a relatively long interval between the end of radiotherapy
and the initiation of immunotherapy, which is defined as RRP.
Currently, with the approval of immunotherapy for clinical use,
a growing body of patients are treated with anti-PD-1/PD-L1
blockades in addition to previous exposure to thoracic radiation.
Hence, a comprehensive understanding of RRP induced by
immunotherapy is particularly crucial.

Up to now, due to limited data, the pathophysiological
mechanism remains unclear. And there is no explicit consensus
with regard to the specific guidelines for diagnosis and treatment
of RRP. In our review, we describe a case of a novel pattern
of RRP induced by anti-PD-1 blockade Camrelizumab 2 years
after radiotherapy, with some focus on the potential mechanism,
predictive risk factors and appropriate management of RRP.

CASE PRESENTATION

A 64-year-old non-smoking man, with an Eastern Cooperative
Oncology Group Score (ECOG) of 1, was admitted to our

Abbreviations: RRP, radiation recall pneumonitis; PD-1, programmed death-1;

PD-L1, programmed death ligand-1; NSCLC, non-small cell lung cancer; SRS,

stereotactic radiosurgery; PFS, progression-free survival; OS, overall survival;

EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase;

SIB, simultaneous integrated boost; PTV, planning target volume; V20, volume

of lung receiving 20Gy; MLD, mean lung dose; CTCs, circulating tumor cells;

CTLs, cytotoxic T lymphocytes; TKI, tyrosine kinase inhibitor; IL-1, interleukin-

1; TNFα, tumor necrosis factor α; TGFβ, transforming growth factor β; DAMP,

damage-associated molecular pattern; cGAS, cyclic GMP-AMP synthase; STING,

stimulator of interferon genes; RP, radiation pneumonitis.

hospital, suffering from a cough and expectoration with blood
in sputum. The enhanced CT revealed a 2.3 × 2.2 cm mass in
the left hilar area with invasion of the mediastinum. In addition,
the CT scan also exposed multiple enlarged lymph nodes
in mediastinum and supraclavicular region. A bronchoscopy
was then performed and the pathology results showed poorly
differentiated carcinoma (at the opening of the lower lobe of
the left lung), which, combined with immune markers, was
diagnosed as adenocarcinoma. The primary stage was cT4N3M0
with no mutations found in epidermal growth factor receptor
(EGFR) gene, anaplastic lymphoma kinase (ALK) gene, and
ROS1 gene.

For fear of radiation pneumonitis, the patient initially refused
radiotherapy. Therefore, the treatment plan was chemotherapy
(cisplatin 40mg day 1–2, 50mg day 3; pemetrexed 1 g day
1) first (Figure 1). A CT scan showed that he achieved
partial response after two cycles. At this point, the patient
agreed to receive radiotherapy. Subsequently, the treatment
plan was adjusted to concomitant chemoradiotherapy with
cisplatin and pemetrexed to simultaneous integrated boost
(SIB) radiotherapy. The specific RT dose is planning target
volume (PTV) 58.0Gy in 29 fractions (2.0 Gy∗29) with SIB
to a total dose of 63.8Gy in 29 fractions (2.2 Gy∗29). The
volume of lung receiving 20Gy (V20) was 17% and the mean
lung dose (MLD) was 13.5Gy. During chemoradiotherapy,
the patient suffered from grade 3 leukopenia accompanied
with grade 1 loss of appetite and no other adverse effects
occurred. Reexamination every 3 months showed that the lesion
was stable.

Fifteen months later, the brain MRI revealed two
enhancement foci in the left frontal lobe, considering the
great possibility of metastatic tumors. The chest CT showed
slight enlargement in the original lesion of lung with a
2.7 × 2.3 cm mass. The following treatment started with
administration of anti-PD-1 blockade Camrelizumab (200mg
q2w) and SRS with a dose regimen of 50Gy in 10 fractions
for brain metastatic lesions. The regular reexamination of
chest CT and brain MRI showed that the patient achieved
partial response with promising efficacy evaluation. However,
after the eighth administration of Camrelizumab, the patient
developed fever, dyspnea and cough. The fever lasted for 3
days with the peak of 39◦C. Blood oxygen saturation fluctuates
between 92 and 96% in the nasal duct oxygen state. Paroxysmal
coughs are accompanied by small amounts of white phlegm.
Meanwhile, his chest CT revealed patchy consolidation and
ground-glass opacities localized within the previously irradiated
area (Figure 2). However, there was no significant change
from the last results in his brain MRI. A bronchoscopy and
biopsy were recommended to clarify the nature of the lesion,
but the patient refused to undergo invasive testing. At this
time, blood culture and sputum culture examinations did not
present any significant infection. The analysis of CT scan lesion
characteristics and the shift of circulating tumor cells (CTCs)
from positive to negative in blood samples suggested that
the emerging lesions are less likely to be tumor progression.
Based on the facts above, the patient was suspected with RRP
induced by Camrelizumab. In addition to the immediate
discontinuation of Camrelizumab, the subsequent treatment
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FIGURE 1 | Timeline of disease status and corresponding treatment regimens.

FIGURE 2 | (A) Radiation field. (B) Before administration of Camrelizumab, CT scan showed no pneumonitis manifestation. (C) After administration of Camrelizumab,

CT scan revealed patchy consolidation and ground-glass opacities localized within the previously irradiated area. (D) Reexamination of CT showed significant

improvement in pneumonitis 2 weeks after administration of prednisolone.

regimen was adjusted to 80mg q12h prednisolone with following
stepwise reduction over weeks (80mg q12h 3 days; 60mg q12h
3 days; 40mg q12h 3 days; 30mg q12h 3 days; 20mg q12h 3
days; 10mg q12h 3 days). Then the symptoms gradually eased
and reexamination of CT showed significant improvement
in pneumonitis after 2 weeks, which further confirmed the
diagnosis of RRP induced by Camrelizumab. Notably, during the
withdrawal of Camrelizumab, the primary lung cancer lesions
did not change significantly compared with the previous ones,
indicating that the anti-tumor effect of Camrelizumab persisted
to some extent.

DISCUSSION

Radiation recall pneumonitis is regarded as a type of radiation-
related lung damage that manifests as acute inflammation
lymphocytes infiltration confined to previously irradiated
lung tissue, weeks, months, or even years after the end
of radiotherapy in response to a sequential systemic agent
stimulation. After summarizing the previously reported cases
of RRP, we observe that the clinical manifestation varied from
completely asymptomatic to severely symptomatic with non-
productive cough and dyspnea on exertion (1–4). But one
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common feature all patients presented was that CT showed
confluent ground glass opacities corresponding closely to their
prior radiotherapy fields. The occurrence of RRP is drug-specific
for any individual patient, and now it is almost impossible to
predict which patients will respond to which drugs.

Camrelizumab (SHR-1210) is a novel humanized PD-
1 monoclonal antibody that can be potentially applied to
the treatment of solid tumors (9, 10). Upon administration,
Camrelizumab blocks the binding of PD-1 to its ligands PD-
L1, thus restoring and enhancing immune function through
the activation of cytotoxic T lymphocytes (CTLs) and cell-
mediated immune responses against tumor cells. More detailed
information of it is being assessed in plenty of clinical
trials (10, 11).

In our case, because it has been 2 years since the completion
of radiotherapy, it seems to be unlikely to be the conventional
radiation pneumonitis. As is well-known, immunotherapy has
great potential to cause pneumonitis as well. Based on currently
available data, the incidence of the immune-related pneumonitis
after anti-PD-1/PD-L1 blockades treatment varies from 1 to 10%
(12). Generally, the distribution of immune-related pneumonitis
is not limited to a specific area of the lung. A study conducted
by Voong et al. provided an in-depth understanding of immune-
related pneumonitis and further compared with radiation-related
pneumonitis in patients treated with prior thoracic radiation
(13). It demonstrated that there were spatial distribution
differences between the two types of pneumonitis with immune-
related pneumonitis mainly within lung volume that is outside
the high radiation dose delivery. Therefore, though the patient
in our case developed fever, dyspnea and cough after the eighth
administration of Camrelizumab, CT scan showed that the
ground glass opacities with consolidations mainly distributed
within the previously irradiated area, which was not completely
corresponding to immune-related pneumonitis. Because the
patient in our case refused to undergo bronchoscopy and biopsy,
pathological characteristics were unavailable. Nonetheless, given
the current research on radiation-related pneumonitis and
immune-related pneumonitis, we can find that both types of the
pneumonitis are triggered by the body’s potent immune response
and meanwhile are accompanied by a large accumulation of
lymphocytes (14, 15). Therefore, it may be hard to differentiate
radiation-related pneumonitis and immune-related pneumonitis
by pathological characteristics. Further examination including
the blood and sputum culture did not present any significant
infection with a distinct shift of CTCs from positive to negative
in blood samples. Besides, the symptoms gradually eased and
reexamination of the CT showed significant improvement
after discontinuation of Camrelizumab and administration of
prednisolone. Hence, based on the evidence above, it can
be concluded that the pneumonitis was RRP induced by
Camrelizumab combined with or without immune pneumonitis.

To our knowledge, several studies have reported that there
are anti-tumor drugs which can cause RRP. Togashi et al.
reported a case of a lung cancer patient suffering from RRP
induced by erlotinib with relatively high plasma concentration
after 7 months of radiotherapy (1). Schwarte et al. presented a
patient with metastasized esophageal carcinoma developed RRP

induced by gemcitabine after 8 months of radiotherapy (2).
Other different kinds of pharmacologic anti-tumor agents have
also been involved in this inflammatory reaction as taxanes,
paclitaxel (3, 4). RRP induced by immunotherapy has been
rarely reported. To the best of our knowledge, up to now,
there are only two previous studies reporting RRP induced
by immunotherapy. The study conducted by Shibaki et al.
reported two cases of RRP induced by nivolumab in which
the interval between the end of radiation and the diagnosis of
RRP were 660 and 664 days, respectively (16). Another case
reported byMcCusker et al. showed that a patient with malignant
pleural mesothelioma developed life-threatening RRP after a
single infusion of nivolumab with a 7-months interval after
the completion of proton beam therapy (17). Of note, an FDA
approval summary of all pembrolizumab studies shows that
pneumonitis is more likely to happen in patients with a history
of prior thoracic radiation compared with those without that
exposure (6 vs. 2.6%), potentially indicating the existence of RRP
induced by pembrolizumab (18).

The specific biological mechanism of RRP is unclear. The
latent radiation effects in the previously irradiated tissue
are possibly evoked by anti-PD-1 blockade. One hypothesis
indicates that administration of systemic anti-tumor agents
after radiotherapy triggers a “remembered” reaction in the
remaining surviving cells within the previously irradiated areas
(19). Notably, the underlying “remembered” reaction may be the
result of immunomodulatory effects of previous radiotherapy,
which allows the remaining surviving cells to overreact to
anti-PD-1 blockade, thus leading to inflammation. Evidence
shows that a variety of immunomodulatory effects might be
involved in this process. First, it has been demonstrated that
radiotherapy can upregulate the expression level of immunogenic
cell surface markers such as ICAM-1, MHC-1, and Fas,
which makes the cells more susceptible to CD8+ T cell
recognition and destruction (20, 21). Second, radiotherapy
could enhance antigenicity and sensitivity of the remaining
cells. After treated with anti-PD-1 blockade, these cells are
prone to release damage-associated molecular pattern (DAMP)
especially double stranded DNA, which further activate innate
and adaptive immune responses through cyclic GMP-AMP
synthase (cGAS)- stimulator of interferon genes (STING)
pathway and induce the expression of certain cytokines that are
involved in inflammatory response, such as type I interferon,
interleukin-1(IL-1), interleukin-6(IL-6), tumor necrosis factor
α (TNFα), and transforming growth factor β (TGFβ) (19, 22–
25). Third, studies have shown that radiotherapy appears to
facilitate T cell recruitment to irradiated areas by promoting the
release of chemokines as CXCL16 (26). The increased T cells
within the irradiated areas lowers the inflammatory response
threshold, thus increasing the likelihood of developing RRP
after administration of anti-PD-1 blockade. Last but not least,
there is evidence which illuminates that radiotherapy plays
an unexpected part in the upregulation of PD-L1 expression,
which might lead to the irradiated lung tissue hypersensitivity
and overreaction to anti-PD-1 blockades (27, 28). It seems
that the “remembered” reaction of previously irradiated lung
tissue is mainly attributed to the enhanced sensitivity to
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systemically administrated anti-PD-1 blockade. Except for the
“remembered” reaction hypothesis of radiotherapy, another
hypothesis suggests that radiation leads to heritable mutations
within surviving cells, which further produce a subgroup of
defective stem cells that are sensitive to anti-tumor drugs
(19). The third hypothesis indicates the pharmacokinetics of
the systemic anti-tumor agents is altered by local vascular
permeability or proliferative changes induced by radiotherapy
(29). To date, there is a lack of experimental and clinical
evidence on the RRP that can definitely support any possible
hypothesis. Further investigation is required and more efforts
need to be taken.

With the increasing availability and expanding use of anti-
PD-1/PD-L1 blockades, to minimize the incidence of RRP
induced by them, it is of great importance to identify certain
predictive risk factors of RRP. For one thing, it has been
found that some dosimetric factors including V20 and MLD
have a close correlation with the incidence and severity of
radiation pneumonitis (RP). A study conducted by Tsujino
et al. (30) shows that a V20 < 25% corresponds to a lower
incidence of RP whereas a V20 > 30% is markedly associated
with a higher incidence of grade 2 or greater RP. Besides,
Luna et al. evaluated 302 locally advanced NSCLC patients
with definitive chemoradiation to a median dose of 66.6Gy
in 1.8Gy daily fractions. Both the univariate analysis and
multivariate analysis emphasized the importance of lung V20
(16.4%) and MLD (15.7%) as potential predictors of RP (31).
Based on the fact above, we speculate that the assessment of
V20 and MLD of previous radiotherapy might play a significant
part in estimating the risk of RRP to some extent. Future
studies are warranted to further investigate. For another, the
time interval between the end of radiotherapy and initiation
of systemic agents might have a considerable effect on the
development of RRP (32). A study conducted by Chiang et al.
demonstrated that patients in whom epidermal growth factor
receptor-tyrosine kinase inhibitor (EGFR-TKI) was administered
within 90 days after the end of radiotherapy had higher incidence
rates of RRP than those of patients who initiated EGFR-TKI
treatment after 90 days (21 vs. 2.1%, p = 0.005) (33). Of
particular interest, study has shown that sex, age, performance
status, smoking history, preexisting ILD, baseline pulmonary
function might be not associated with RRP (33). Due to limited
data, the possible predictive risk factors above remain to be
further confirmed.

At present, there is no clear consensus on specific guidelines
for diagnosis and treatment of RRP. RRP is generally
diagnosed through the evaluation of treatment history,
clinical symptoms, physical examination and radiologic images.
Typically, patients with RRP might develop fever, cough,
and dyspnea after administration of systemic anti-tumor
agents with a prior history of radiotherapy. The radiologic
images show confluent ground glass opacities corresponding
closely to their previous irradiated fields. Invasive biopsy is
an important auxiliary diagnostic basis, but not normally
indispensable. Blood culture and blood sample examinations
help distinguish RRP from infections and disease progression.
In summary, caution is needed when anti-PD-1/PD-L1

blockades are administered to patients who have undergone
previous radiotherapy. Clinicians should pay more attention to
symptoms of patients such as cough, fever and inflammatory
imaging manifestation, which can achieve early detection,
and treatment.

Currently, the accepted standard treatment for RRP
includes discontinuation of the systemic anti-tumor agents,
administration of corticosteroids, and supportive medical
care (3). Prednisolone is one of the most commonly used
corticosteroids and could improve symptoms of RRP and
minimize lung tissue toxicity. In our case, the patients showed
durable tumor control after discontinuation of Camrelizumab.
RRP achieved improvement after initiation of prednisolone with
80mg q12h. For fear of recurrence, the patient did not continue
to use Camrelizumab after recovery from RRP. Of particular
concern, due to limited data, it remains to be further studied
whether continued use of anti-PD-1 blockade after the control of
RRP causes its recurrence.

CONCLUSION

In conclusion, we reported a case of novel pattern of RRP induced
by anti-PD-1 blockade Camrelizumab 2 years after radiotherapy.
To our best knowledge, this is the third study describing RRP
induced by anti-PD-1 blockade with the previous two related to
nivolumab. Though with a relatively long time interval, previous
radiotherapy combined with subsequent anti-PD-1 blockade still
has a great potential to cause overlapping damage to lung.
Currently, the specific pathophysiological mechanism of RRP
still remains unclear. Of note, the “remembered” reaction in
the remaining surviving cells within the previously irradiated
areas caused by the immunomodulatory effects of radiotherapy
might be the most persuasive hypothesis. Risk for RRP should
be kept in mind all the time while initiating anti-PD-1 blockade
treatment in patients with a prior history of thoracic radiation.
Once grade 3–5 RRP occurs, discontinuation of the administered
agent and application of systematic steroids are a feasible choice
for treatment.

In clinical practice, with the widespread use of anti-PD-1
blockades, an increasing number of patients are treated with
them in addition to having previously been exposed to thoracic
radiation. Therefore, it is quite significant to study deeply to
figure out the specific mechanism and predictive risk factors of
RRP. A further analysis of the specific guidelines for diagnosis
and treatment regimen also has important clinical significance
and more efforts should be taken to demonstrate.

DATA AVAILABILITY STATEMENT

All data used in this case report are included in this article.

ETHICS STATEMENT

This case report was approved by the local ethical committee.
Informed and written consent was obtained from the patient to
use his clinical information and data.

Frontiers in Oncology | www.frontiersin.org 5 April 2020 | Volume 10 | Article 561

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Chen et al. RRP Induced by Anti-PD-1 Blockade

AUTHOR CONTRIBUTIONS

XMdesigned the study, edited, and approved finalmanuscript. JY
made critical appraisal and approved final manuscript. ZH and
LX collected the data and made some radiological analysis. YC
analyzed the data and drafted the article.

FUNDING

This work was supported by the National Natural Science
Foundation of China (Grant Nos. 81972796 and 81972863)
and Natural Science Foundation of Shandong (Grant
No. ZR2019MH010).

REFERENCES

1. Togashi Y, Masago K, Mishima M, Fukudo M, Inui KI. A case

of radiation recall pneumonitis induced by erlotinib, which can be

related to high plasma concentration. J Thorac Oncol. (2010) 5:924–5.

doi: 10.1097/JTO.0b013e3181dab0dd

2. Schwarte S, Wagner K, Karstens JH, Bremer M. Radiation recall

pneumonitis induced by gemcitabine. Strahlenther Onkol. (2007) 183:215–7.

doi: 10.1007/s00066-007-1688-z

3. Ding X, Ji W, Li J, Zhang X, Wang L. Radiation recall pneumonitis induced

by chemotherapy after thoracic radiotherapy for lung cancer. Radiat Oncol.

(2011) 6:24. doi: 10.1186/1748-717X-6-24

4. Schweitzer VG, Juillard GJ, Bajada CL, Parker RG. Radiation recall dermatitis

and pneumonitis in a patient treated with paclitaxel. Cancer. (1995) 76:1069–

72. doi: 10.1002/1097-0142(19950915)76:6<1069::aid-cncr2820760623>3.0.

co;2-7

5. Larici AR, del Ciello A, Maggi F, Santoro SI, Meduri B, Valentini V, et al.

Lung abnormalities at multimodality imaging after radiation therapy for non-

small cell lung cancer. Radiographics. (2011) 31:771–89. doi: 10.1148/rg.3131

05096

6. Naidoo J, Wang X, Woo KM, Iyriboz T, Halpenny D, Cunningham

J, et al. Pneumonitis in patients treated with anti-programmed death-

1/programmed death ligand 1 therapy. J Clin Oncol. (2017) 35:709–17.

doi: 10.1200/JCO.2016.68.2005

7. Shaverdian N, Lisberg AE, Bornazyan K, Veruttipong D, Goldman JW,

Formenti SC, et al. Previous radiotherapy and the clinical activity and toxicity

of pembrolizumab in the treatment of non-small-cell lung cancer: a secondary

analysis of the KEYNOTE-001 phase 1 trial. Lancet Oncol. (2017) 18:895–903.

doi: 10.1016/S1470-2045(17)30380-7

8. Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R,

et al. Durvalumab after chemoradiotherapy in stage III non-small-cell

lung cancer. N Engl J Med. (2017) 377:1919–29. doi: 10.1056/NEJMoa17

09937

9. Mo H, Huang J, Xu J, Chen X, Wu D, Qu D, et al. Safety, anti-

tumour activity, and pharmacokinetics of fixed-dose SHR-1210, an anti-

PD-1 antibody in advanced solid tumours: a dose-escalation, phase

1 study. Br J Cancer. (2018) 119:538–545. doi: 10.1038/s41416-018-

0100-3

10. Fang W, Yang Y, Ma Y, Hong S, Lin L, He X, et al. Camrelizumab (SHR-1210)

alone or in combination with gemcitabine plus cisplatin for nasopharyngeal

carcinoma: results from two single-arm, phase 1 trials. Lancet Oncol. (2018)

19:1338–50. doi: 10.1016/S1470-2045(18)30495-9

11. Wang X, Zhang B, Chen X, Mo H, Wu D, Lan B, et al. Lactate dehydrogenase

and baseline markers associated with clinical outcomes of advanced

esophageal squamous cell carcinoma patients treated with camrelizumab

(SHR-1210), a novel anti-PD-1 antibody. Thorac Cancer. (2019) 10:1395–401.

doi: 10.1111/1759-7714.13083

12. Nishino M, Ramaiya NH, Awad MM, Sholl LM, Maattala JA, Taibi M,

et al. PD-1 Inhibitor-related pneumonitis in advanced cancer patients:

radiographic patterns and clinical course. Clin Cancer Res. (2016) 22:6051–60.

doi: 10.1158/1078-0432.CCR-16-1320

13. Voong KR, Hazell SZ, FuW,HuC, Lin CT, Ding K, et al. Relationship between

prior radiotherapy and checkpoint-inhibitor pneumonitis in patients with

advanced non-small-cell lung cancer. Clin Lung Cancer. (2019) 20:e470–9.

doi: 10.1016/j.cllc.2019.02.018

14. Bledsoe TJ, Nath SK, Decker RH. Radiation Pneumonitis. Clin Chest Med.

(2017) 38:201–8. doi: 10.1016/j.ccm.2016.12.004

15. Suresh K, Naidoo J, Lin CT, Danoff S. Immune checkpoint immunotherapy for

non-small cell lung cancer: benefits and pulmonary toxicities. Chest. (2018)

154:1416–23. doi: 10.1016/j.chest.2018.08.1048

16. Shibaki R, Akamatsu H, Fujimoto M, Koh Y, Yamamoto N.

Nivolumab induced radiation recall pneumonitis after two years of

radiotherapy. Ann Oncol. (2017) 28:1404–5. doi: 10.1093/annonc/m

dx115

17. McCusker MG, Scilla KA, Simone CB, Sachdeva A, Miller KD, Burke

AP, et al. Proton beam therapy and immune checkpoint inhibitors

in malignant pleural mesothelioma. J Thorac Oncol. (2019) 14:e185–7.

doi: 10.1016/j.jtho.2019.05.013

18. Sul J, Blumenthal GM, Jiang X, He K, Keegan P, Pazdur R. FDA

approval summary: pembrolizumab for the treatment of patients with

metastatic non-small cell lung cancer whose tumors express programmed

death-ligand 1. Oncologist. (2016) 21:643–50. doi: 10.1634/theoncologist.201

5-0498

19. Azria D, Magné N, Zouhair A, Castadot P, Culine S, Ychou M, et al. Radiation

recall: a well recognized but neglected phenomenon. Cancer Treat Rev. (2005)

31:555–70. doi: 10.1016/j.ctrv.2005.07.008

20. Chakraborty M, Abrams SI, Camphausen K, Liu K, Scott T, Coleman CN,

et al. Irradiation of tumor cells up-regulates Fas and enhances CTL lytic

activity and CTL adoptive immunotherapy. J Immunol. (2003) 170:6338–47.

doi: 10.4049/jimmunol.170.12.6338

21. Formenti SC, Demaria S. Systemic effects of local radiotherapy. Lancet Oncol.

(2009) 10:718–26. doi: 10.1016/S1470-2045(09)70082-8

22. Johnston CJ, Piedboeuf B, Rubin P, Williams JP, Baggs R, Finkelstein JN. Early

and persistent alterations in the expression of interleukin-1 alpha, interleukin-

1 beta and tumor necrosis factor alpha mRNA levels in fibrosis-resistant

and sensitive mice after thoracic irradiation. Radiat Res. (1996) 145:762–7.

doi: 10.2307/3579368

23. Lugade AA, Sorensen EW, Gerber SA, Moran JP, Frelinger JG, Lord

EM. Radiation-induced IFN-gamma production within the tumor

microenvironment influences antitumor immunity. J Immunol. (2008)

180:3132–9. doi: 10.4049/jimmunol.180.5.3132

24. Deng L, Liang H, XuM, Yang X, Burnette B, Arina A, et al. STING-dependent

cytosolic DNA sensing promotes radiation-induced type I interferon-

dependent antitumor immunity in immunogenic tumors. Immunity. (2014)

41:843–52. doi: 10.1016/j.immuni.2014.10.019

25. Vanpouille-Box C, Alard A, Aryankalayil MJ, Sarfraz Y, Diamond JM,

Schneider RJ, et al. DNA exonuclease Trex1 regulates radiotherapy-

induced tumour immunogenicity. Nat Commun. (2017) 8:15618.

doi: 10.1038/ncomms15618

26. Matsumura S, Wang B, Kawashima N, Braunstein S, Badura M, Cameron

TO, et al. Radiation-induced CXCL16 release by breast cancer cells attracts

effector T cells. J Immunol. (2008) 181:3099–107. doi: 10.4049/jimmunol.181.

5.3099

27. Dovedi SJ, Adlard AL, Lipowska-Bhalla G, McKenna C, Jones S,

Cheadle EJ, et al. Acquired resistance to fractionated radiotherapy can

be overcome by concurrent PD-L1 blockade. Cancer Res. (2014) 74:5458–68.

doi: 10.1158/0008-5472.CAN-14-1258

28. Twyman-Saint VC, Rech AJ, Maity A, Rengan R, Pauken KE, Stelekati E, et al.

Radiation and dual checkpoint blockade activate non-redundant immune

mechanisms in cancer. Nature. (2015) 520:373–7. doi: 10.1038/nature

14292

29. Boström A, Sjölin-Forsberg G, Wilking N, Bergh J. Radiation

recall–another call with tamoxifen. Acta Oncol. (1999) 38:955–9.

doi: 10.1080/028418699432653

Frontiers in Oncology | www.frontiersin.org 6 April 2020 | Volume 10 | Article 561

https://doi.org/10.1097/JTO.0b013e3181dab0dd
https://doi.org/10.1007/s00066-007-1688-z
https://doi.org/10.1186/1748-717X-6-24
https://doi.org/10.1002/1097-0142(19950915)76:6<1069::aid-cncr2820760623>3.0.co;2-7
https://doi.org/10.1148/rg.313105096
https://doi.org/10.1200/JCO.2016.68.2005
https://doi.org/10.1016/S1470-2045(17)30380-7
https://doi.org/10.1056/NEJMoa1709937
https://doi.org/10.1038/s41416-018-0100-3
https://doi.org/10.1016/S1470-2045(18)30495-9
https://doi.org/10.1111/1759-7714.13083
https://doi.org/10.1158/1078-0432.CCR-16-1320
https://doi.org/10.1016/j.cllc.2019.02.018
https://doi.org/10.1016/j.ccm.2016.12.004
https://doi.org/10.1016/j.chest.2018.08.1048
https://doi.org/10.1093/annonc/mdx115
https://doi.org/10.1016/j.jtho.2019.05.013
https://doi.org/10.1634/theoncologist.2015-0498
https://doi.org/10.1016/j.ctrv.2005.07.008
https://doi.org/10.4049/jimmunol.170.12.6338
https://doi.org/10.1016/S1470-2045(09)70082-8
https://doi.org/10.2307/3579368
https://doi.org/10.4049/jimmunol.180.5.3132
https://doi.org/10.1016/j.immuni.2014.10.019
https://doi.org/10.1038/ncomms15618
https://doi.org/10.4049/jimmunol.181.5.3099
https://doi.org/10.1158/0008-5472.CAN-14-1258
https://doi.org/10.1038/nature14292
https://doi.org/10.1080/028418699432653
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Chen et al. RRP Induced by Anti-PD-1 Blockade

30. Tsujino K, Hirota S, Endo M, Obayashi K, Kotani Y, Satouchi M,

et al. Predictive value of dose-volume histogram parameters for predicting

radiation pneumonitis after concurrent chemoradiation for lung cancer.

Int J Radiat Oncol Biol Phys. (2003) 55:110–5. doi: 10.1016/s0360-3016(02)

03807-5

31. Luna José M, Chao HH, Diffenderfer ES, Valdes G, Chinniah C, Ma G, et al.

Predicting radiation pneumonitis in locally advanced stage II-III non-small

cell lung cancer using machine learning. Radiother Oncol. (2019) 133:106–12.

doi: 10.1016/j.radonc.2019.01.003

32. Burris Howard A, Hurtig J. Radiation recall with anticancer

agents. Oncologist. (2010) 15:1227–37. doi: 10.1634/theoncologist.200

9-0090

33. Chiang CL, Chen YW, Wu MH, Huang HC, Tsai CM, Chiu CH. Radiation

recall pneumonitis induced by epidermal growth factor receptor-tyrosine

kinase inhibitor in patients with advanced nonsmall-cell lung cancer. J Chin

Med Assoc. (2016) 79:248–55. doi: 10.1016/j.jcma.2016.01.008

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Chen, Huang, Xing, Meng and Yu. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Oncology | www.frontiersin.org 7 April 2020 | Volume 10 | Article 561

https://doi.org/10.1016/s0360-3016(02)03807-5
https://doi.org/10.1016/j.radonc.2019.01.003
https://doi.org/10.1634/theoncologist.2009-0090
https://doi.org/10.1016/j.jcma.2016.01.008
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Radiation Recall Pneumonitis Induced by Anti-PD-1 Blockade: A Case Report and Review of the Literature
	Background
	Case Presentation
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


