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Background: Afatinib has shown good efficacy in patients harboring uncommon EGFR mutations, but the incidence of afatinib-induced interstitial pneumonia should be alert as its rapid progression. Here, we report two cases of interstitial pneumonia during afatinib treatment.
Case presentation: The first case was of a 58-year-old male with advanced lung adenocarcinoma (cT4bN3M1b) with exon 18 G719X and exon 20 S781I EGFR mutations and received afatinib therapy. After 68 days of therapy, he developed shortness of breath and fever. Drug-induced pneumonia was not diagnosed timely, the patient received empirical antibiotics and low-dose glucocorticoids. The pulmonary inflammation rapidly progressed and the patient died 15 days after symptom onset. The second case was of a 57-year-old man with stage IV (cT3N3M1b) lung adenocarcinoma with exon 21 L861Q EGFR mutation. He received afatinib as second-line therapy. Fever and shortness of breath occurred 22 days after afatinib therapy, he received empirical antibiotic therapy. Five days later, CT showed aggravated pulmonary inflammation, and afatinib-induced interstitial pneumonia was diagnosed. He received glucocorticoid therapy, and the pneumonia quickly improved.
Conclusion: Although the incidence of EGFR-TKI-associated pneumonia is uncommon, high vigilance for drug-induced interstitial pneumonia is necessary during treatment. Early diagnosis and early glucocorticoid therapy could reverse lung injury.
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INTRODUCTION
The emergence of epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) has opened a new era in the treatment of advanced non-small cell lung cancer (NSCLC). The survival time of advanced NSCLC patients with epidermal growth factor receptor (EGFR)-activated mutation treated with EGFR-TKIs has been significantly prolonged. Further analysis of EGFR gene status has also shown that the rate of EGFR-activated mutations was high among patients with adenocarcinoma, non-smokers, East Asians, and females. Uncommon EGFR mutations account for about 10% of all patients with EGFR mutations, representing a unique and highly heterogeneous subgroup of NSCLC (O’Kane et al., 2017). The first generation EGFR-TKIs include gefitinib and erlotinib, which target the activated mutation of the EGFR gene. However, the efficacy of gefitinib and erlotinib in patients with uncommon EGFR mutations is relatively unsatisfactory. Nevertheless, second-generation EGFR-TKIs compensate for the shortage of the first-generation EGFR-TKIs in the treatment of uncommon EGFR mutations. Afatinib is a second-generation EGFR-TKI that irreversibly inhibits tyrosine kinase and abrogates EGFR signaling (Li et al., 2008; Solca et al., 2012). Clinical and real-world data show that afatinib is effective in patients with uncommon EGFR mutations (Yang et al., 2015; Yang et al., 2020). At present, afatinib is usually the first choice in clinical practice for advanced NSCLC patients with uncommon EGFR mutations. However, high vigilance for the occurrence of interstitial pneumonia should be practiced during clinical applications of afatinib, despite its uncommon incidence (Sharma and Graziano, 2018; Park et al., 2019). Here, we report two cases of interstitial pneumonia induced by afatinib.
CASE DESCRIPTION
Case 1
A 58-year-old male who had no previous smoking history consulted an oncologist because of pulmonary nodules revealed by physical examination in July 2019. The diagnosis was stage IV (cT4bN3M1b) adenocarcinoma. EGFR mutation analysis showed mutations in exon 18 G719X and exon 20 S781I. He received 40 mg of afatinib orally every day beginning on July 27, 2019, with the treatment being well-tolerated with mild diarrhea. After 1 month, a partial response was obtained, hence the patient continued receiving afatinib therapy. However, the patient was admitted to the hospital on October 9, 2019 due to shortness of breath, fever without chills, and cough for 1 week. Figures 1A–D shows the patient’s lung lesions at partial response, and Figures 1E–H shows the lung inflammation. Physical examination showed cyanosis of the lips, short-breath, respiratory rate 26 per min, pulse 110 per min, crepitus sounds in both lungs, expecially in the lower lungs. Blood examination showed a white blood cell count of 9.7 × 109/L, neutrophil percentage of 80.6%, brain natriuretic peptide (BNP) of 29 pg/ml, procalcitonin (PCT) of 0.117 ng/ml, and C-reactive protein (CRP) of 161.71 mg/L. Blood oxygen was 93% and arterial partial pressure of oxygen was 62 mmHg when admission. Serum albumin 33.2 g/L, blood urea nitrogen (BUN) 5.6 mmol/L, creatinine (Cr) 75 µmol/L, electrocardiogram showed sinus tachycardia. The glucan (G) test, galactomannan (GM) test, and sputum culture were all negative. The suspected diagnosis for the pulmonary inflammation was infection. The patient’s afatinib was discontinued and he was administered empiric antibiotics instead. At the same time, he received 40 mg of methylprednisolone daily to reduce inflammatory exudation. The patient’s shortness of breath and cough progressively worsened, and type I respiratory failure occurred 3 days later. The patient was transferred to the intensive care unit for respiratory support therapy and received broad-spectrum antibacterial therapy. The patient died from respiratory failure 9 days after admission. Figure 2 showed the episodes according to the order of occurrence for case 1.
[image: Figure 1]FIGURE 1 | The chest CT of patient one. (A–D): chest CT showing the nodes in the lungs and the local grid change in the right lower lobe. (E–H): chest CT showing the pneumonitis 74 days after afatinib therapy, the pneumonitis manifested subpleural reticular shadow, ground glass and consolidation, and beehives, distributed in both lower lobe of both lungs. CT: computed tomography.
[image: Figure 2]FIGURE 2 | The episodes occurred in case 1.
Case 2
A 57-year-old male with a smoking history of 30-pack years was diagnosed with stage IV (cT3N3M1b) adenocarcinoma in March 2020. EGFR mutation analysis showed an L861Q mutation in exon 21. He also had a history of atrial fibrillation. He received four cycles of icotinib plus pemetrexed and carboplatin, and experienced stable disease. However, he developed a dry cough as the mass protruded into the tracheal cavity. He received palliative radiotherapy (50Gy/25f) and simultaneous chemotherapy with pemetrexed and carboplatin for two cycles. One month later, the disease progressed with the appearance of bone and brain metastases. From August 8, 2020, he received 40 mg of afatinib daily. However, the patient developed low fever and exertional dyspnea 22 days later. Figures 3A–D showed there was no inflammation in the lungs before afatinib. Figures 3E–H showed multiple patches and grid shadows were seen on both sides of the lung. Physical examination showed cyanosis of the lips, short-breath, respiratory rate 28 per min, pulse 105 per min, crepitus sounds in both lungs, expecially in the right upper lung, and heart rate 135 per min, diastolic murmur in the tricuspid region. COVID-19 was negative by throat swab. Blood oxygen was 90% and arterial partial pressure of oxygen was 58 mmHg when admission. Blood examination revealed a white blood cell count of 4.65 × 109/L, neutrophil percentage of 74.2%, BNP of 1665 pg/ml, BUN 4.6 mmol/L, Cr 51 µmol/L, PCT of 0.175 ng/ml, and CRP of 88.01 mg/L. The G test, GM test, and sputum culture were all negative. He received empiric broad-spectrum antibiotics, and afatinib was discontinued upon admission. The patient’s temperature returned to normal, but exertional dyspnea was aggravated after 1 week. CT showed a larger range of lung inflammation (Figures 3I–L). This time, a diagnosis of afatinib-induced pneumonitis was made, and the patient received methylprednisolone at the dose of 2 mg/Kg/d. Three days later, the patient experienced relief from shortness of breath. After 1 week the dose of methylprednisolone was gradually reduced, and no recurrent symptoms occurred. Figures 3M–P shows lung inflammation 17 days after the first dose of methylprednisolone. Figure 4 showed the episodes according to the order of occurrence for case 2. The cancer progressed and he was subsequently shifted to anlotinib therapy.
[image: Figure 3]FIGURE 3 | The chest CT of patient two. (A–D): chest CT showing the lung quality before afatinib. (E–H): chest CT showing pneumonia 27 days after afatinib therapy, the grid changes and ground glass hinting on lung injury. (I–L): chest CT 5 days after discontinuation of afatinib and empirical antibiotics, showing enlarged field of grid changes and pulmonary interstitial edema, indicating the diffused alveolar injury. (M–P): chest CT 17 days after glucocorticoid therapy, the grid changes and pulmonary interstitial edema reduced significantly, indicating improvements of lung injury. CT: computed tomography.
[image: Figure 4]FIGURE 4 | The episodes occurred in case 2.
DISCUSSION
The occurrence of interstitial pneumonitis during EGFR-TKIs treatment should be monitored, despite the drugs being well-tolerated. The common adverse events associated with EGFR-TKIs are rash and diarrhea, and these adverse events are usually mild and easy to be controlled. Since the advent of these agents, severe and even fatal interstitial pneumonitis has been occasionally reported. However, the exact mechanisms of interstitial pneumonitis caused by EGFR-TKIs remain unknown. Some studies have shown that EGFR and its family members are upregulated in the early stage of acute lung injury, indicating that EGFR members might play a role in its repair (Hardie et al., 1999; Higenbottam et al., 2004). This implies that inhibition of the EGFR signaling pathway may damage lung injury repair. In clinical studies, the incidence of interstitial pneumonitis induced by afatinib is relatively low, usually occurring approximately 1 month after the initiation of therapy (Wu et al., 2014; Soria et al., 2015). In two clinical studies, no afatinib-induced interstitial pneumonitis occurred in the Chinese patient subgroup (Lu et al., 2018; Wu et al., 2018). However, in a real-world study in Japan, the incidence of afatinib-induced pneumonitis was as high as 4%. Further analysis showed that there was a high incidence of afatinib-induced pneumonitis among males, patients with poor performance status, patients with contralateral lung metastasis, and patients who have received lung radiotherapy within 1 year (Tamura et al., 2019). Both patients in the current report were males and had contralateral lung metastases. The second patient received radiotherapy within 3 months before afatinib administration. Hence, both had high risk factors for afatinib-induced interstitial pneumonitis.
During imaging, the pulmonary adverse events induced by EGFR-TKI agents may overlap with disease progression and infection, which makes it challenging for the clinician to make the correct diagnosis. The first patient in this report had a history of staying at a duck farm before he developed a fever. The inflammatory index in the patient’s blood was significantly higher than normal, and strips and patches were observed in both lungs through CT, with high possibility of pulmonary fungal infection as well as bacterial infection that could not be ruled out. The patient received empirical antibiotics for 3 days, but the treatment was ineffective. The patient’s pneumonitis rapidly progressed, and he died from respiratory failure several days later. Although this patient received glucocorticoid therapy, as the diagnosis of drug-induced interstitial pneumonitis was neglected, the glucocorticoid dosage may not have been sufficient to block further development of the pulmonary inflammation. High-dose glucocorticoids are reportedly effective in the treatment of severe interstitial pneumonitis induced by afatinib (Fujita et al., 2017), [16]; hence, it is likely that the treatment failure could be ascribed to insufficient glucocorticoid use. Afatinib-induced interstitial pneumonitis was also diagnosed after failure of empirical antibiotics in the second patient, who received high-dose glucocorticoid therapy, and hence recovered from the pneumonitis. In both patients, shortness of breath and fever were present coupled with the PCT and CRP indices and the treatment was focused on opportunistic infection (fungal infection). Both patients received empirical antibiotics. Although the incidence of EGFR-TKI-induced interstitial pneumonitis is very low, the consequences could be very serious or even fatal. For patients with dyspnea and shortness of breath who are taking EGFR-TKIs, the possibility of drug-induced interstitial pneumonitis should be assessed even if the patient has a fever and a high index of inflammation. High doses of glucocorticoids should be administered in time when drug-induced interstitial pneumonitis is suspected, and should be combined with other immunosuppressants if necessary.
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