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Introduction

Tyrosine kinase inhibitors (TKIs) have significantly 
improved outcomes for non-small cell lung cancer patients 
(NSCLC) (1). However, notwithstanding the favorable 
clinical effects, clinical adverse effects (AEs) inevitably 
appeared. The impacts on safety and degree of toxicity of 
these promising therapies are not well characterized in 
patients only with targeted therapy without any chemo- 
or radiotherapy. We report a NSCLC patient developed 
into an explosive interstitial pneumonia and died, who was 
treated a series of TKIs, gefitinib, osimertinib, cabozantinib 
and anlotinib. 

Case presentation

The patient who was in good health was found with 
elevated CEA (>1,000 ng/mL) in physical examination on 
December 2016. He had no history of medical illness. The 

members in the family have no history of malignancy. The 
timeline picture of the patient was as follows (Figure 1).  
PET-CT showed abnormal higher FDG metabolism 
(1.4×1.9 cm, SUVmax =7.0) in the right superior lobe, along 
with mediastinal and right hilar lymph node metastasis 
(SUVmax =2.8–7.9), multiple intrapulmonary metastases 
(SUVmax =1.1–1.2) and with systemic bone metastasis 
(sternum, bilateral scapula, bilateral multiple ribs, multiple 
vertebrae and pelvic bones, SUVmax =3.3–7.7) (Figure 2A, 
B). Lung lesion puncture verified of adenocarcinoma by 
pathology (Figure 2C). The tumor staging was cTxNxM1 
(stage IV) with poor prognosis. EGFR mutation showed of 
19 exon mutation. Gefitinib was sensitive for the NSCLC 
patients with EGFR 19 exon mutation. So, the patients 
started 250 mg gefitinib per day from December 23, 
2016 to July 21, 2017 (progression-free survival, PFS1=8 
months). The imaging evaluated of progressive disease 
(PD) with right hydrothorax (Figure 2D). CEA increased 
to 5,090 ng/mL (Figure 2E). The patient was detected of 
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T790M mutation and started 80 mg osimertinib per day 
from July 21, 2017 to April 17, 2018 (PFS2=9 months). 
CEA gradually decreased to 518 ng/mL. However, CEA 
rebounded to 3,396 ng/mL with increased pleural effusion 
and RET rearrangement on April 17, 2018. The patients 
refused chemotherapy and began 60 mg cabozantinib per 
day from April 17, 2018 to July 17, 2018 (PFS3=3 months) 
because of the detection of RET rearrangement. CEA 
gradually increased to 8,403 ng/mL with increased pleural 
effusion on July 17, 2018. Thoracocentesis and intrapleural 
injection (endostar + cisplatin) was administrated repeatedly. 
In view of uncontrolled hydrothorax, the patient was 
evaluated of PD and anlotinib was recommended for the 
third-line or forth-line treatment. So 10 mg anlotinib per 
day was used from August 10, 2018. All TKI treatments 
were well tolerated. Side effects included bone marrow 
suppression, gastrointestinal reactions, liver and kidney 
dysfunction, etc., are mostly mild and tolerable, and do not 
require medication. In September 13, 2018, CEA gradually 
increased to over 15,000 ng/mL. The patient was short of 
breath and CT scan implied of interstitial lung disease (ILD) 
(Figure 2D). Oxygen inhalation was given and 500 mg  
methylprednisolone per day for 3 days and gradually 
reduced the dosage and 2 g cefepime hydrochloride q12 h 
was used. However, the patient was progressively aggravated 
with shortness of breath and dyspnea, and declared clinical 
death (September 29, 2018).

Discussion

The AEs of TKIs associated with ILD during their clinical 
trials are EGFR-TKIs (2), such as erlotinib, gefitinib and 
osimertinib, and non EGFR-TKIs, such as sorafenib (3) and 
pazopanib (4). Anlotinib-induced ILD in NSCLC patients 
has not been systematically characterized before, and the 
factors contributing to anlotinib-induced ILD in NSCLC 
patients remain unclear, whereas risk factors significantly 

correlated with the development of ILD in gefitinib have 
been described and include male sex, a history of smoking, 
and coincidence of interstitial pneumonia (5). In this case, 
a compromised performance status, multiple metastasis loci 
and pleural effusions were observed in the chest and, hence, 
could be the key factors contributing to the development 
of ILD. The exact mechanism of TKI-induced ILD is 
unclear, possibly due to pulmonary toxic damage caused 
by drug metabolism in the lungs, or the immune response 
induced by drugs. EGF is an important regulatory peptide 
to maintain airway epithelial regeneration and repair, 
inhibition of alveolar macrophages chemotaxis, regulating 
immune and inflammatory response (6). Thus, it is possible 
that TKI induced EGFR inhibition will at least partly 
impair the ability of pneumocytes to respond to lung 
injury. Shi et al. systematically reviewed 15,618 patients 
who have showed that relative risk of developing all grades 
of ILD and fatal interstitial pneumonitis is significantly 
higher in patients with EGFR-TKI’s upfront (7). However, 
some investigations implied that ILD is not linked with 
inhibition of the EGFR pathway. Togashi et al. reviewed 
and concluded that of the EGFR-signaling pathway 
blockade by EGFR TKIs is not necessarily associated with 
the occurrence of ILD and that EGFR-TKI dose reduction 
plays only a limited role in preventing recurrence (8). 
Interestingly, the AEs of TKIs known to be associated with 
ILD during their clinical trials are EGFR-TKIs, such as 
afatinib, erlotinib, gefitinib, lapatinib, osimertinib, icotinib, 
rociletinib, and non-EGFR-TKIs, such as pazopanib. 
In particular, only pazopanib inhibits PDGFR, FGFR, 
VEGFR and KIT, with no activity at EGFR, just like the 
targets of anlotinib. Shotaro Ide reported a case of ILD 
induced by pazopanib treatment (4). But the mechanisms 
and risk factors of ILD due to VEGFR/PDGFR/KIT-TKI 
are controversial. Though our current understanding of the 
role of TKIs in pathogenesis of ILD remains anecdotal, the 

Figure 1 The timeline picture presenting related information and care of the patient.
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association of ILD with non-EGFR-TKI has been proven 
beyond doubt.

In our case, the eye-catching point is that the patient only 
receives a series of TKIs, without any chemoradiotherapy. 
Gefitinib and osimertinib both can induce ILD. Though 
in the clinic course, the patient did not co-exist with ILD, 
or induced ILD during first and second-line treatment, 
yet there still might combined the pre-existing ILD status. 
Anlotinib, as multiple targets inhibitor, might further 
aggravated lung injury, and caused an uncontrollable and 

fatal ILD. Previous studies showed that 16% of advanced 
NSCLC patients with pre-existing ILD developed 
pneumonitis, and it was found to be a risk factor of ILD 
later on (9,10). It is therefore necessary to monitor NSCLC 
patients with TKIs or with pre-existing ILD very closely 
as they are at high risk of developing fatal ILD. However, 
this report has the following limitations. Due to the limited 
sample size with one case, the study only offers some 
caution in the clinical settings. Thus, multi-institutional or 
multi-regional studies were further needed.

Figure 2 The diagnosis and treatment process of a patient with NSCLC. (A) PET/CT imaging; (B) the lesion of the right lung; (C) the 
confirmation of adenocarcinoma by pathology; (D) the representative CT images show tumor progression for the patient undergoing a 
series of TKI treatments. D1: on Jun 22, 2017, notwithstanding CT scan showed disappeared lesions after gefitinib, CEA level increased 
and detected of T790M mutation. So osimertinib was applied on Jul 21, 2017. D2: on April 17, 2018, the pleural effusion increased after 
osimertinib for 9 months. So cabozantinib was applied. D3: on Jul 17, 2018, the pleural effusion increased after cabozantinib for 3 months. 
So anlotinib was applied. D4: CT evaluation of the patient showed ILD on Sep 13, 2018. D5: CT evaluation showed progressive ILD 
though applying methylprednisolone and antibiotic; (E) dynamic changes of CEA and treatment strategy. NSCLC, non-small cell lung 
cancer; TKIs, tyrosine kinase inhibitors; ILD, interstitial lung disease. 
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Conclusions

The present case suggests fatal ILD developed in a NSCLC 
patient with a series TKIs treatment. Physicians should consider 
the indications of TKIs for these patients, and carefully observe 
their respiratory symptoms during TKIs treatment. 
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