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Abstract

Syndrome of inappropriate anti-diuretic hormone (SIADH) some-
times occurs in patients with lung cancer, and it has been reported as 
a complication after chemotherapy with platinum agents. A 55-year-
old woman relapsed after right lower lobectomy for adenocarcinoma 
harboring uncommon EGFR mutations (G719A in exon 18 and L861Q 
in exon 21). Brain metastases were found seven months after the op-
eration, and subsequent whole brain irradiation followed by oral treat-
ment with afatinib maintained her status for one year. She was sub-
sequently administered erlotinib with bevacizumab as the third-line 
treatment for refractory meningeal carcinomatosis, but she developed 
altered consciousness and was transported to the hospital by am-
bulance. Laboratory evaluation showed a decrease in serum sodium 
concentration from 142 to 122 mEq/L. Her altered consciousness was 
improved by the administration of hypertonic saline; however, the 
patient died 2 months post-treatment. Although SIADH is sometimes 
seen before or after treatment for lung cancer, this is the first report of 
the occurrence of SIADH in a patient with uncommon EGFR-mutated 
lung cancer.
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Background

Epidermal growth factor receptor (EGFR) mutations have 
been reported in approximately 40% of non-small cell lung can-
cer (NSCLC) cases in Japan [1], and third-generation EGFR tyro-
sine kinase inhibitors (TKIs) have been shown to be effective at 
treating these tumors. Afatinib is a second-generation EGFR-TKI 
that has been reported to cause shrinkage of tumors with un-
common mutations, including G719X in exon 18, S761X in exon 
20, and L861X in exon 21 [2]. Despite the effectiveness of EGFR-
TKIs, patients with lung cancer harboring EGFR mutations fre-
quently suffer from brain metastases [3], including leptomenin-
geal carcinomatosis, which, although extremely rare, can cause 
syndrome of inappropriate anti-diuretic hormone (SIADH) [4-6].

Herein, we report a case of SIADH after treatment with 
EGFR-TKI and bevacizumab for leptomeningeal carcinomatosis 
secondary to lung cancer with uncommon EGFR mutations.

Case presentation

A 55-year-old woman who was an ex-smoker (15 pack-years) 
was admitted for right lower lobectomy with lower mediastinal 
and hilar lymph node dissection for adenocarcinoma. EGFR mu-
tations (G719A in exon 18 and L861Q in exon 21) were identi-
fied postoperatively. After consultation with the patient regard-
ing the available treatment options (intravenous chemotherapy 
versus oral tegafur) determined based on the pathological eval-
uation that indicated solid adenocarcinoma with partial vascu-
lar involvement that was classified as T1bN0 and pathological 
stage IA2, she selected oral tegafur/uracil treatment as adju-
vant chemotherapy. Seven months postoperatively, the patient 
was evaluated for difficulty in walking, and multiple brain tu-
mors (at least eight) were identified on cranial magnetic reso-
nance imaging (MRI). Liver and mediastinal metastases were di-
agnosed by fluorodeoxyglucose positron emission tomography 
(FDG-PET) and computed tomography (CT).

Whole-brain radiotherapy was performed, and oral treat-
ment with afatinib was initiated (Figure 1). The afatinib dose 
was gradually reduced from 40 mg to 30 mg to 20 mg because 
the patient developed diarrhea and adverse skin reactions. Al-
though a partial response was seen in the mediastinal and liver 
lesions (Figure 2), some of the brain metastases were seen to 
regrow after 12 months. Gamma-knife radiosurgery was per-
formed, followed by carboplatin and pemetrexed as second-
line chemotherapy between 76 and 100 weeks after surgery. 
Subsequently, meningeal carcinomatosis was suspected based 
on the appearance of headache and dizziness. Cytological 
analysis of the cerebrospinal fluid (CSF) was positive for ade-
nocarcinoma, and the G719A and L861Q mutations were de-
tected; however, the T790M mutation was not detected. As a 
third-line treatment, in combination with bevacizumab, a lower 
than standard dose of erlotinib (100 mg/day) was administered 
according to the patient’s will because of her experience with 
afatinib. However, just two days after the second administration 
of bevacizumab (400 mg/body), she developed disturbance of 
consciousness and was transported to the hospital by ambu-
lance. The cranial MRI images obtained at this time are shown 
in Fig. 3. Laboratory evaluation revealed that her serum sodium 
concentration had decreased from the previous level of 142 
mEq/L to 122 mEq/L. The laboratory findings supported a di-
agnosis of SIADH based on the criteria of the Japan Endocrine 

Society, namely (a) low plasma sodium; (b) low serum osmolar-
ity, 249 mOsm/L (<280 mOsm/L); (c) inappropriately elevated 
urine osmolality, 341 mOsm/L (>300 mOsm/L); (d) urine sodium 
concentration, 62 mEq/L (>20 mEq/L); (e) elevated serum antid-
iuretic hormone, 2.3 pg/mL; (f) relatively normal serum creati-
nine, 0.38 mg/dL (<1.2 mg/dL); and (g) normal adrenal function, 
cortisol 18.4 μg/dL (>6 μg/dL). A hypertonic saline infusion was 
administered intravenously, which led to symptom improve-
ment within 2 days without any other medications. Although 
her laboratory data returned to normal levels, chemotherapy 
could not be restarted because of her poor general condition, 
and she died approximately two months later.

Figure 1: Complete course of treatment after postoperative recur-
rence.

UFT, uracil-tegafur; RT, radiotherapy; CBDCA, carboplatin; PEM, peme-
trexed.

Figure 2: Chest and abdominal CT imaging.
(a,b,d,e) Enlarged subaortic lymph nodes and liver metastatic tu-
mor before treatment. (c,f) Shrinkage of the subaortic lymph node 
and liver metastasis 3 months after commencement of afatinib 
therapy.

Figure 3: Cranial magnetic resonance images.
(a,b) Multiple brain metastases were identified on the day con-
sciousness disorders developed.
(c,d) Linear meningeal enhancement of the sulcus 20 days after 
admission, suggesting meningeal carcinomatosis.
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Discussion

SIADH has been reported to occur in 7%–16% of small cell 
lung cancer cases and has been linked to worse outcomes [5]. 
In a previous study, three of the 427 patients with NSCLC had 
SIADH [5]. Wang et al. reported an incidence of SIADH of 9.1%, 
and a significant difference in median overall survival between 
SIADH and control groups (11.6 vs. 19.2%) [7]. Chemotherapy 
with cisplatin has itself been shown to cause hyponatremia and 
is associated with a SIADH incidence of about 2-4% [8]. Patients 
with acute hyponatremia often present with various symptoms 
such as headache, nausea, vomiting, and muscle cramps, and 
sometimes develop life-threatening conditions, such as bra-
dycardia, hypertension, cerebral herniation, convulsions, and 
coma [9]. Intrathecal methotrexate treatment has been re-
ported to improve headache [4], and survival after diagnosis of 
leptomeningeal carcinomatosis was improved in patients who 
received intrathecal chemotherapy than in those who did not, 
although whole brain radiotherapy was not observed to induce 
a survival benefit [10].

G719X and L861Q are uncommon EGFR mutations, with 
reported frequencies of 0.4% of all EGFR mutations (11) and 
sensitive mutations of EGFR-TKIs [12]. A combination analy-
sis of two global phase 2 studies, LUX-Lung 3 and LUX-Lung 
6, showed the efficacy of afatinib for tumors positive for the 
G719X, L861Q, and S768I mutations [2]. These mutations are 
often seen together, and their complete or partial response rate 
was 71%, with a median disease control period of 10.7 months. 
In this case, double mutations were found, and a novel second-
generation TKI was selected for the treatment of postoperative 
relapse. Afatinib was also expected to be useful in treating brain 
metastasis, but its effectiveness was limited in this case. The 
best overall response was -66.9%, and the progression-free pe-
riod was 12 months. Recently, combination therapy with erlo-
tinib and bevacizumab was reported to be effective at treating 
refractory brain metastasis of EGFR mutation cancer [10,12-15].

In the literature, hyponatremia has been reported in only 
one of 2,645 patients treated with bevacizumab according to 
post-marketing surveillance data on the homepage of Chugai 
Pharmaceutical (Tokyo, Japan), and no other information has 
been reported in phase 2 clinical trials of erlotinib plus bevaci-
zumab (JO25567) [16]. However, rare cases have been reported 
to develop SIADH after leptomeningeal carcinomatosis. Al-
though this case developed SIADH soon after commencement 
of bevacizumab treatment, the mechanism of the rapid de-
crease in serum sodium was not known.

Conclusions

Herein, we reported the case of a patient with pulmonary 
adenocarcinoma with uncommon EGFR mutations who devel-
oped leptomeningeal carcinomatosis during afatinib treatment 
after whole-brain radiotherapy for multiple brain metastases. 
She subsequently developed SIADH soon after the administra-
tion of bevacizumab in combination with an EGFR-TKI.
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