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Abstract: In patients without tissue availability at presentation, the analysis of cell-free DNA 

derived from liquid biopsy samples, in particular from plasma, represents an established alter-

native for providing epidermal growth factor receptor (EGFR) mutational testing for treatment 

decision-making. Compared with quantitative polymerase chain reaction and digital polymerase 

chain reaction-targeted methods, next-generation sequencing can provide more information about 

tumor molecular alterations, especially EGFR mutations. Here, we present a case of a patient 

with non-small cell lung cancer (NSCLC) harboring 3 uncommon mutations of EGFR-R670W in 

exon 17 and H833V, and H835L in exon 21, as shown by next-generation sequencing of plasma 

cell-free DNA. To the best of our knowledge, this is the first case report of a patient harboring 

the R670W mutation. The patient responded well to second-generation tyrosine kinase inhibitors 

(TKIs). T790M is an acquired resistant mutation in patients with R670W, H833V, and H835L. 

This is also the first case of a patient harboring the H833V/H835L/T790M triple mutation; 

the patient had a good response to the third-generation TKI osimertinib. In this work, we also 

performed a literature review on the clinical characteristics of NSCLC patients with the H833V/

H835L double mutation, together with a descriptive analysis about their response to EGFR TKI 

monotherapy as a first-line treatment, according to data from previous case reports. The results 

showed that the cohort of NSCLC patients with H833V/H835L responded well to EGFR TKIs; 

thus, before treatment in clinical practice, screening for EGFR mutations should be conducted 

and EGFR TKIs should be preferred in NSCLC patients with H833V/H835L mutations.
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Introduction
Mutations in epidermal growth factor receptor (EGFR) are the most common drivers 

of non-small cell lung cancer (NSCLC) growth, with an incidence of ~10%–15% in 

Caucasian and 40% in Asian patients.1 The 2 most common EGFR mutations in lung 

cancer are the exon 19 deletion and the L858R mutation in exon 21, which account 

for about 90% of all mutations in this gene.2 To date, several large Phase III clinical 

trials have demonstrated that NSCLC patients with classical/sensitizing EGFR muta-

tions responded well to EGFR tyrosine kinase inhibitors (TKIs) as a standard first-line 

treatment. The remaining 10% of EGFR mutations, so-called uncommon mutations, 

are a heterogeneous group of genomic alterations that occur within exons 18–21. 
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Recently, the most reported uncommon EGFR mutations 

have included G719X (where X indicates A, S, C, or D) in 

exon 18, L861Q in exon 20, and S768I in exon 21. According 

to a recent molecular epidemiological study in Asia, these 

3 mutations constitute ~6% of all EGFR mutations.3 The 

effects of EGFR TKIs in patients with uncommon EGFR 

mutations remain largely unknown. A previous study found 

that first-generation EGFR-TKIs are active in patients with 

these uncommon mutations, but are less effective than in 

patients with common mutations.4 The combined post hoc 

analysis of Lux-Lung 2/3/6 led to the same conclusion that 

afatinib was active in NSCLC tumors that harbored certain 

types of uncommon EGFR mutations, especially G719X, 

L861G, and S768I, but was less active in tumors with other 

mutations.5

Currently, with the advances in detection techniques and 

precise detection assays, especially next-generation sequenc-

ing (NGS), an increasing number of rare or atypical EGFR 

mutations have been identified, and multiple EGFR mutations 

have been detected in a growing number of NSCLC patients. 

However, the effectiveness of treatment in patients with these 

rare mutations are unknown, as is the optimal treatment for 

patients with multiple rare EGFR mutations. A previous 

study demonstrated that the combination of a rare mutation 

and common one or between a rare mutation and another rare 

one with sensitizing effects, was associated with an interme-

diate outcome between the 2 singular situations. In general, 

the association of a sensitizing mutation seems to attenuate 

the negative effect of the rare alteration, so that the prognosis 

shifts toward the progression-free survival (PFS) and overall 

survival observed with the common mutation.6 However, the 

combination of a rarer mutation and another rarer one, or 

even a triple rarer mutation needs further study.

Here, we present a case of an NSCLC patient harboring 

3 uncommon mutations, namely, EGFR-R670W in exon 17, 

H833V in exon 21, and H835L in exon 21, who was treated 

with afatinib and osimertinib. We also performed a literature 

review on the clinical characteristics of NSCLC patients 

with the H833V/H835L double mutation, together with 

a descriptive analysis about their response to EGFR TKI 

monotherapy as first-line treatment, according to data from 

previous case reports.

Case report
A 36-year-old male, nonsmoker, presented to our hospital 

with a 1-month history of back pain. MRI revealed multiple 

lesions in lumbar (L4) and sacral vertebrae (S2–S3), and 

a L4 vertebral pathological fracture. A CT scan revealed 

2 masses in the superior and lower lobe of the left lung 

(TNM classification stage 4 [T1N0M1], pleural and bone 

metastases, Performance Status PS1). Due to the lesions 

in the spine, the patient underwent surgery. H&E staining 

showed morphology typical of adenocarcinoma cells 

(Figure 1A). Immunohistochemistry demonstrated strong 

positivity for CK7, and weak staining of TTF-1, Napsin A 

(Figure 1B–D). Formalin-fixed paraffin-embedded speci-

mens from metastatic specimen were subjected to amplifica-

tion refractory mutation system (ARMS)-polymerase chain 

Figure 1 H&e staining (A), 100×, and immunohistochemistry (B) for TTF-1, (C) for CK7, (D) for Napsin a, 100×, of the specimen, which showed lung adenocarcinoma.

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4741

eGFr TKIs for NsCLC patients

reaction (PCR) for common EGFR mutations, which showed 

no 19del or L858R mutations, and were also negative for 

anaplastic lymphoma kinase and proto-oncogene tyrosine-

protein kinase ROS-1 fusions. However, bone metastasis 

specimens were decalcified with decalcifying solutions. 

To exclude the potential influence of decalcifying solution 

on tests for genetic alterations, NGS of plasma cell-free DNA 

(cfDNA) was performed. Capture-based ultra-deep targeted 

sequencing was performed on cfDNA by a panel consisting 

of all exons and critical introns of 295 cancer-related genes, 

spanning 2.02 MB of human genome using the HiSequation 

4,000 system (Illumina, San Diego, CA, USA). The results 

showed that the patient had 3 uncommon EGFR mutations: 

EGFR-R670W in exon 17, H833V in exon 21, and H835L 

in exon 21 (Figure 2). The patient was treated with oral 

gefitinib (250 mg, q.d.) on September 25, 2016 (Figure 3). 

After 1 month, chest CT scans revealed a significant increase 

in tumor size. According to the response evaluation criteria 

in solid tumors (version 1.1), the patient was considered 

to have progressive disease on gefitinib and was thus 

resistant to gefitinib. Next, we chose pemetrexed and cis-

platin as second-line therapy. After 2 cycles, chest CT scan 

showed a significant decrease in tumor size, indicating a 

partial response to chemotherapy. However, the patient 

Figure 2 Next-generation sequencing showed r670W in epidermal growth factor receptor exon 17 (A), and H835L, L833V (B), and T790M (C) in exon 21.
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discontinued chemotherapy due to unbearable nausea and 

vomiting. After adequate communication within our team 

and with the patient, afatinib was recommended as third-line 

therapy. After 1 month, the chest CT scan demonstrated a 

significant decrease in tumor size, demonstrating that the 

patient had a partial response to afatinib. On July 17, 2017, 

NGS of plasma cfDNA showed disappearance of all 3 

uncommon EGFR mutations, and by September 17, 2017, 

the lung lesion was stable. PFS on afatinib was .7 months. 

The most recent brain MRI demonstrated multiple paren-

chymal brain metastases, but R670W, H835L, and L833V 

disappeared according to NGS of the plasma. In addition, 

the T790M mutation was not observed in circulating tumor 

DNA by NGS. Afatinib and avastin were subsequently 

used as fourth-line therapies, but the brain metastatic lesion 

enlarged after 1 month. On October 26, 2017, NGS of plasma 

detected resistant EGFR T790M and 2 uncommon mutations, 

L833V and H835L. Thus, osimertinib, a third-generation 

TKI, was recommended as fifth-line therapy on October 28, 

2017. After 1 month, MRI showed that the lesion was signifi-

cantly smaller. The last follow-up was on January 24, 2018, 

at which point both the primary and metastatic brain lesions 

were stable, and T790M, H835L, and L833V disappeared 

(Figure 3). Written informed consent has been provided by 

the patient to have the case details and any accompanying 

images published.

2017-07-17
ctDNA NGS:

R670W/H835L/L833V
disappeared

2017-02-17
ctDNA NGS:

R670W/H835L/L833V

2016-09-24
ctDNA NGS:

R670W/H835L/L833V

Surgery First-line: gefitinib Second-line: PC 3cycle Third-line: afatinib

2017-09-22
ctDNA NGS:

R670W/H835L/L833V
disappeared

2018-01-26
ctDNA NGS:

H835L/L833V/T790M
disappeared

2017-10-26
ctDNA NGS:

H835L/L833V/T790M

Third-line: afatinib Fourth-line: afatinib+avastin Fifth-line: osimertinib

2016-08-23 2016-09-25 2016-12-19 2017-02-14 2017-04-13 2017-07-17

2017-09-17 2017-10-26 2017-11-27 2018-01-24

Figure 3 Treatment of lung adenocarcinoma using different regimens, and the results of monitoring the NGs of cfDNa.
Abbreviations: NGs, next-generation sequencing; cfDNa, cell-free DNa.
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Discussion
We showed the clinical efficacy of afatinib and osimertinib 

in a patient with NSCLC positive uncommon triple EGFR 

mutations. This case had several unusual features: three rare 

EGFR mutations (L833V, H835L, and R670W) were present 

in the same patient; the first case study of the R670W muta-

tion; T790M was a secondary resistant mechanism in NSCLC 

patient harboring L833V, H835L, and R670W treated with 

afatinib; and patient with L833V, H835L, and T790M had 

a good response to osimertinib.

Complex mutations of L833V and H835L in EGFR 

rarely coexist in lung cancer, and few published studies have 

detailed the clinical profiles of this subset of lung cancer 

patients. To the best of our knowledge, only 10 patients with 

complex mutations of H833V and H835L have been reported, 

including our patient. A total of 6 patients had relevant clinical 

characteristics reported (Table 1). Most reported cases only 

had a double mutation of H833V and H835L, whereas this 

study and one by Frega reported a patient with NSCLC 

harboring a rare triple EGFR mutation.7 Our patient is the 

first Chinese patient to have this uncommon triple EGFR 

mutation (L833V, H835L, and R670W). According to a pre-

vious study, EGFR H835L mutations are always combined 

with L833V mutations; there has only been 1 report of a 

patient with the L833V mutation combined with the G719S 

mutation.8 Therefore, we speculated that the L833V mutation 

may be accompanied by other mutations, and L833V–H835L 

complex mutations may be unique mutations in NSCLC. All 6 

patients shown in Table 1 had adenocarcinoma with complex 

mutations of H833V and H835L; patient age ranged from 

36 to 89 years, with a male predominance (4:1). In addition, 

this complex mutation was mainly found in Chinese 

NSCLC patients; only 1 case was in a different ethnicity 

(Italian).9–11 No strong association was observed between 

smoking status and the H833V/H835L double mutation.

Among all the reported cases, our case is the first to 

have a T790M-resistant alteration. This mutation has been 

detected as a “second-site mutation” in .50% of EGFR 

mutations commonly observed in lung cancer that have 

developed acquired resistance to first-generation TKI.12 Our 

case showed that emergence of the T790M mutation is an 

important mechanism underlying the acquired resistance to 

second-generation TKI in patients harboring complex muta-

tions of H833V and H835L. Previous studies have reported 

that the advantage of using osimertinib is that it not only 

inhibits sensitizing EGFR mutations but also the T790M 

mutant. In this study, we found that osimertinib could be a 

treatment option after afatinib resistance in NSCLC patients 

with complex mutations of H833V and H835L. Our case 

is also the first in which the efficacy of a third-generation 

TKI in a patient with the H833V and H835L double muta-

tion was evaluated. Preclinical data support the ability of 

osimertinib to cross the blood–brain barrier and penetrate 

the central nervous system (CNS),13 and as second-line 

treatment, osimertinib showed superior efficacy in CNS 

metastases compared with platinum chemotherapy.14,15 The 

present case also supports osimertinib as a good choice for 

patients with NSCLC harboring double mutations of H833V 

and H835L with brain metastases. Recently, Kohsaka et al13 

conducted a high-throughput functional evaluation of EGFR 

gene variants of unknown significance in cancer and found 

that the L833V mutation was a gefitinib-resistant mutation. 

Consistent with this observation, our patient also showed 

primary resistance to gefitinib. In total, this subset of NSCLC 

harboring complex mutations of H833V and H835L may be 

sensitive to second- and third-generation EGFR TKIs, rather 

than first-generation EGFR TKIs.

Except for H833V and H835L, the present case also had 

R670W mutation. Until now, there were no reported patients 

who had EGFR R670W mutation. It remains unclear about 

Table 1 Clinical characteristics and prognosis of NsCLC patients harboring the L833V/H835L complex mutation

Age Sex Race Smoking Mutations Histology Sample Assay Treatment PFS

1 Na Male asian Na L833V/H835L adenocarcinoma Tumor tissues Direct sequencing Na Na
2 76 Female asian Na L833V/H835L adenocarcinoma Tumor tissues Direct sequencing Na Na
3 89 Male asian Light smoker L833V/H835L adenocarcinoma Tumor tissues arMs-pCr Gefitinib

(second-line)
34 weeks

4 48 Male asian Nonsmoker L833V/H835L adenocarcinoma Tumor tissues arMs-pCr peM + C .16 weeks
5 70 Male Italian Former smoker L833V/H835L/e709K adenocarcinoma Tumor tissues Na afatinib .2 months
6 36 Male asian Nonsmoker L833V/H835L/r670W adenocarcinoma plasma cfDNa NGs afatinib

(third-line)
Osimertinib
(fifth-line)

.7 months

.3 months

Abbreviations: ARMS-PCR, amplifica tion refractory mutation system-polymerase chain reaction; cfDNA, cell-free DNA; NA, not available; NGS, next-generation sequenc-
ing; NsCLC, non-small cell lung cancer; pFs, progression-free survival; peM + C, pemetrexed + cisplatin.
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the response of R670W mutation to EGFR TKI. Yang et al8 

reported an 89-year-old Chinese male harboring a heterozy-

gous complex mutation of L833V and H835L who showed a 

good response to gefitinib. However, the patient in this study, 

who harbored the triple L833V/H835L/R670 mutation, was 

resistant to gefitinib, suggesting that R670W may contribute 

to resistance to first-generation EGFR TKIs. However, we 

also observed L833V/H835L recurrence when patients had 

brain metastases, but lacked the R670W mutation. Thus, it is 

possible that the L833V/H835L mutation is the major driving 

molecular event in NSCLC patients. Although it may be attrib-

uted to individual heterogeneity, the role of EGFR R670W in 

NSCLC patients should be explored in future studies.

One important implication of the present case study is the 

importance of NGS and liquid biopsy in detecting molecular 

alterations. If we had only performed ARMS-PCR for 

common EGFR mutations, the uncommon EGFR mutation 

H833V/H835L/R670W would not have been detected, and 

the patient would have missed the opportunity to be treated 

with TKIs, to which he had a good tolerance and favorable 

response. This was especially beneficial as this patient had 

intolerable side effects with chemotherapy. Therefore, as a 

high-throughput technique, NGS may allow more informa-

tion to be obtained about molecular alterations, especially 

for the detection of uncommon mutations. Of all 6 patients 

reported in Table 1, cfDNA was only used in the present 

case. Metastatic bone specimens cannot be used for detection 

due to decalcification,16 and primary NSCLC lesions that are 

located close to the mediastinum and diaphragm cannot be 

obtained. Thus, liquid biopsy was the only way to detect the 

driving mutations in this patient, and dynamic liquid biopsy 

was necessary to determine the mechanism underlying the 

acquired resistance to TKI, which was necessary to guide 

clinical decisions about treatment strategy. After we detected 

the emergence of T790M, the patient received osimertinib 

and experienced partial remission.

In conclusion, because there are a relatively small number 

of cases with rare and/or complex mutations, it is not feasible 

to design a prospective trial. In addition, the impact of other 

rarer EGFR mutations is still unclear and remains difficult 

to define due to the very small number of cases. Thus, single 

case reports and small case series may be relevant for clinical 

practice orientation. Translational studies and establishment 

of a database will be instrumental for addressing many of 

these unanswered questions.
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