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Abstract

Background: Epidermal growth factor receptor (EGFR) 
mutations are a heterogeneous group of genetic 
alterations mainly identified in lung adenocarcinoma (AC). 
They occur in exon 18 to 20 of the EGFR gene. Common 
EGFR mutations are deletions in exon 19 and substitutions 
in exon 21, while mutations in exon 18 and exon 20 are 
rare. Their response to tyrosine kinase inhibitors (TKI) is 
different, common EGFR mutations are more sensitive to 
TKI with better response rate and survival, whereas rare 
EGFR mutations are TKI resistant with poor prognosis and 
clinical outcomes. The objective of the present study was 
to report the frequency and characteristics of rare EGFR 
mutations in a group of Moroccan patients with lung AC 
harboring a positive EGFR mutation.

Patients and Methods: All cases of Moroccan patients 
with lung AC harboring mutated EGFR were collected 
from 334 EGFR test requested. Common EGFR mutations 
were defined as deletions in exon 19 and substitutions 
in exon 21 while mutation in exons 18 and 20 were 
qualified as rare EGFR mutations. Patients’ characteristics 
were reported and compared between the two groups of 
common and rare EGFR mutations. 

Results: EGFR mutations were positive in 73/334 of all 
requested tests. Common EGFR mutations accounted 89% 
(65/73). Rare EGFR mutations were present in 8 cases 
(11%). Rare EGFR mutations were composed of 62.5% 
exon 18 mutations (5/8) and 37.5% exon 20 mutation 
(3/8). The frequency of regular smokers in patients with 
tumors expressing rare EGFR mutations was significantly 
higher than that found in patients with tumors having 
common EGFR mutations (p=0.013).

Discussion: The frequency found in the present study 
was consistent with the literature data. However, we 
found that rare EGFR mutations occurred mostly in exon 
18 rather than exon 20, findings that are discordant 
with the available literature. Thus, we could suggest 
that Moroccan patients with rare EGFR mutations would 
benefit more from TKI treatment.

Conclusion: Rare EGFR mutations are a heterogeneous 
subset of genetic alterations in lung AC. Their study 
deserves a real relevant interest. Some one tenth of 
lung AC tumors in Moroccan patients harbor a rare 
EGFR mutation. Further prospective studies are needed, 
in larger numbers of patients, to assess their specific 
characteristics and outcomes. 

Keywords: epidermal growth factor receptor, rare 
mutation, lung adenocarcinoma, Morocco, frequency.
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Introduction
Lung cancer is the first cause of cancer-related 

deaths worldwide. (1) Although several advances have 
been made on the last decade, based on the discovery of 
genetic alterations that predict the response to targeted 
therapies. Epidermal growth factor receptor (EGFR) 
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mutation is the most frequent oncogenic driver identified 
in lung adenocarcinoma (AC), which have revolutionized 
the therapeutic strategy and clinical outcomes in this 
category of tumors. (2,3)

EGFR mutations occur in the first four exons 18, 19, 
20, and 21 of the EGFR gene that encodes the tyrosine 
kinase domain leading a consequent activation without 
ligand stimulation, which induce a cascade of intracellular 
signaling that affects cellular proliferation and apoptosis. (4)

However, the frequency of occurrence of EGFR 
mutation between exons 18 to 21 is not equal. Mutations 
in exons 19 and 21 are the most frequent and account 
approximately 90% of all reported EGFR mutations, 
while mutations in exons 18 and 20 are less common, 
rarely included in clinical trials and scarce literature 
data investigated their specificities.(5-7) Furthermore, 
knowledge of their benefit from tyrosine kinase inhibitors 
(TKI) treatment remains limited. Most mutations in exon 
20 are TKI resistant, while mutations in exon 18 are less 
sensitive to TKI than common EGFR mutations. (8)

The aim of this study was to report the frequency of 
rare EGFR mutations in a group of Moroccan patients with 
lung AC harboring a positive EGFR mutation. In addition, we 
examined the potential differences between common and 
rare EGFR mutations regarding the studied parameters.

Patients and Methods
This study analyzed all cases of lung AC with positive 

EGFR mutation obtained from 334 requested EGFR tests 
in four pathology centers in Morocco between November 
2010 and December 2017. All EGFR tests were realized in 
France using polymerase chain reaction (PCR) and direct 
sequencing of exons 18, 19, 20, and 21 of EGFR gene.

All tumor specimens were biopsy samples. The 
histological diagnosis was confirmed in the local pathology 
centers. The formalin fixed paraffin embedded tissues 
were sent to competent molecular biology laboratories 
in France where was performed the extraction of tumor 
genomic DNA and the EGFR testing.

Only Moroccan patients with confirmed lung AC and 
positive EGFR mutation were included. Common EGFR 
mutations were defined as deletion in exon 19 and 
substitutions in exon 21 while mutation in exons 18 and 
20 were qualified as rare EGFR mutations. The data about 
age, gender, smoking history, and EGFR mutation type 
were collected. Non-smokers were defined as individuals 
who reported smoking fewer than 100 cigarettes in their 
lifetime.

The data were described using standard descriptive 
statistical methods. Fisher’s exact test was used to analyze 

the potential combinations of rare EGFR mutations with 
sex, and smoking history. The t test was used to compare 
age Means between common and rare EGFR mutations. 
A p-value less than 0.05 was considered statistically 
significant. The Statistical Package for the Social Sciences 
(SPSS) (version 20; SPSS Inc., Chicago, IL) was used to 
perform all the analyses.

Results
Seventy-three Moroccan patients with EGFR mutated 

lung AC were included. Thirty-five were males (47.94%) 
and thirty-eight were females (52.05%). The mean age 
was 61.22 ± 11. Common EGFR mutations rate was 
89% (65/73), which represented 19.5% of all EGFR tests 
(65/334). Rare EGFR mutations were present in 8 cases 
(11%), which constituted 2.4 % of all performed EGFR 
testing (8/334). The data of the study population are 
summarized in Table 1.

Rare EGFR mutations were composed of 62.5% exon 
18 mutations (5/8) and 37.5% exon 20 mutation (3/8). 
The demographic characteristics of patients with rare 
EGFR mutation are provided in Table 2. 

The frequency of regular smokers in patients with 
tumors expressing rare EGFR mutations was significantly 
higher than that found in patients with tumors having 
common EGFR mutations (p=0.013). The occurrence of 
common or rare EGFR mutations did not differ between 
males and females. There was no significant statistical 
difference in the Mean age between the two groups 
(Table 3).

Discussion
In 2004, the identification of EGFR mutation in NSCLC 

has changed the indications and treatment strategy in this 
subset of patients leading to better clinical outcomes and 

survival. (2,3) However, they remain a heterogeneous group of 
genetic disorders. In one hand their frequency is ethnicity-
dependent varying from 10 to 15% in whites to more than 
30% in East Asians while some races harbor an average 
frequency around 20% such north Africans and south 
Asians.(9-12) On the other hand, they are composed of various 
types of mutation depending on the mutation mechanism 
and location. The most common EGFR mutations are exon 
19 deletions and exon 21 substitutions, whereas mutations 
in exon 18 and 20 are less frequent and rare studies 
reported their specificities.(13) Their existence may have 
different prognosis and therapeutic implications, though.(8)

This suggests the clinical relevance of their characterization 
and comparison to common EGFR mutations.

In the present study, rare EGFR mutations were 
identified in 8 cases of 73 Moroccan patients with lung AC 
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Characteristics All patients (N=73)
N (%)

Mean age at diagnosis (yr.) 61.22±11

Sex

Male 35 (47.94%)

Female 38 (52.05%

Smoking history

Regular smoker 24 (32.87%)

Non-smoker 49 (67.12%)

Histology

Adenocarcinoma 73(100%)

EGFR mutation type

Common EGFR mutation 65(89%)

Rare EGFR mutation 8(11%)

Patients Age Sex Smoking 
history

Histology EGFR
mutation

1 57 female non-
smoker

AC Exon 18

2 68 male regular 
smoker

AC Exon20

3 70 male regular 
smoker

AC Exon18

4 37 male regular 
smoker

AC Exon18

5 68 male regular 
smoker

AC Exon20

6 55 male regular 
smoker

AC Exon18

7 59 male regular 
smoker

AC Exon18

8 52 female non-
smoker

AC Exon 20

Table 1. Characteristics of the study population

Table 2. Demographic characteristics of patients 
harboring rare EGFR mutations

Characteristics Common 
mutations 

(Exon 19 and 21) 
(n= 65 ; 89%)

Rare 
mutations 

(Exon 18 and 20)
(n= 8 ; 11%)

P 
value

Mean age at 
diagnosis (yr.)

61.58±11.05 58.25±10.89 0.42

Sex 0.14

Male 29 (44.61%) 6 (75%)

Female 36 (55.38%) 2 (25%)

Smoking 
history

0.013

Regular 
smoker

18(27.69%) 6 (75%)

Non-smoker 47(72.30%) 2 (25%)

Table 3. Patients’ characteristics by EGFR mutation groups

Study Race

Frequency %
(n rare EGFR 

mutations/n all 
EGFR mutated)

Beau-Faller 
et al. (14) White (France) 10% (102/1047)

Frega et al. (15) White (Italy) 27% (24/89)

Kauffmann-
Guerrero et al. (16) White (Germany) 26% (16/61)

De Pas et al. (17) White (Italy) 18% (18/99)

Tu et al. (18) Asian (China) 11.9% (218/1837)

Xu et al. (19) Asian (China) 10.98 (133/1211)

This study
North African 

(Morocco)
11% (8/73)

Table 4. Frequency of rare EGFR mutations by race.

and mutated EGFR (11%). They occurred mainly in exon 
18 (5/8), while only 3 cases had mutations in exon 20. 

In the reported studies, the frequency of rare EGFR 
mutations was variable. Beau-Faller et al (14) found in 
their multicenter observational study 10% of rare EGFR 
mutations including exon 18 and exon 20 among all 
mutated EGFR. Another study in white population found 
27% of rare EGFR mutations, which represented 3.4% 

of all EGFR tests performed.(15)Also a German study 
found a high frequency of rare EGFR mutations, which 
were identified in 26% of the positive EGFR tests.(16)De 
Pas et al(17) found 18% of rare EGFR mutations among 
all mutated EGFR, which constituted 2.6% of all EGFR 
status requested. In the study reported by Tu et al(18) rare 
EGFR mutation frequency reached 11.9% that is closer 
to 10.98% that was found by Xu et al(19)(Table 4). These 
frequency fluctuations were also described through some 
clinical trials and accounted from 1.7% to 7.4%. (20) Rare 
EGFR mutations rate in Moroccan patients as identified in 
this study is similar to that found in Asians and a French 
study of white Europeans.

Most studies of uncommon or rare EGFR mutations 
included exon 20 and exon 18 of the EGFR, some surveys 
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considered also compound mutations and rare mutations 
in the exons 19 and 21. (8) The mutation in exon 20 is the 
most frequent among rare EGFR mutations.(8,21)Beau-
Faller et al.(14)reported 49 mutations in exon 20 versus 41 
in exon 18. The same findings were described by Tu et al 
(18) with 67 mutations in exon 20 and 46 in exon 18. Lund-
Iversen et al (22) reported equal frequency of exon 18 and 
exon 20 among rare EGFR mutations, each exon mutation 
was found in 8 cases. O’Kane et al (21) found in their 
literature review that the mutation in exon 20 are the most 
prevalent of all rare EGFR mutations and their rate was 
about 10% of all mutated EGFR. Our findings are different 
from most available studies, exon 18 mutations were 
more frequent than exon 20 mutations, they accounted 
for 5 and 3 cases respectively. So, Moroccan patients 
with lung AC and rare EGFR mutations could harbor more 
mutations in exon 18 than exon 20.

Globally, the association between EGFR mutation and 
the demographic characteristics was well established, 
with more females, and non-smokers, but these 
statements were based mostly on data of common EGFR 
mutations. (9-12) Thus, the characteristics of patients with 
rare EGFR mutation might vary from that. Beau-Faller et 
al (14) reported that rare EGFR mutations occurred more in 
smokers (62%) predominately with exon 18 mutations, 
and there was no significant difference according to sex 
between common and rare EGFR mutations. Tu et al (18) 
found that uncommon EGFR mutations occurred more 
in men than women, a difference that was statistically 
significant. They also argued more regular smokers than 
non-smokers in the group with rare EGFR mutations. 

In our series the smoking status was significantly 
associated to rare EGFR mutations, with more regular 
smoker in the group of patients with rare EGFR mutations 
than the group with common EGFR mutations. However, 
there was no significant difference between the two 
groups according to sex or age. These findings are 
consistent with the data of the previous reported studies, 
suggesting that rare EGFR mutations are a specific subset 
of lung AC different from common ones.

The therapeutic implications of studying rare EGFR 
mutations are relevant. A multitude of studies showed 
that rare EGFR mutations did not have the same clinical 
response and survival as common EGFR mutations when 
treated with TKI.(8,14-21) Exon 20 mutations were found to 
be resistant to TKI, with poor progression free survival 
(PFS) from 1 to 3 months.(8,18,21) Exon 18 mutations were 
reported to be sensitive to TKI with a median PFS around 
6 months but with less response rate and clinical benefits 
compared to common mutations.(8,18,21) This literature 
data suggest that Moroccan patients harboring rare EGFR 
mutations may benefit more from TKI since the frequency 

of exon 18 mutations is higher than exon 20 mutations. 
These findings should be interpreted with precaution since 
the present study was limited by the small number of 
patients harboring rare EGFR mutations, the retrospective 
enrollment, and the lack of data about the received 
treatments. Although, the present study focused to report 
the frequency and specific characteristic of patients with 
rare EGFR mutated lung ACs that remain scarcely studied 
in the literature, and their optimal therapy choice is still 
questionable. 

Conclusion
In summary, rare EGFR mutations are a heterogeneous 

subset of genetic alterations in lung AC. Their study 
deserves a real relevant interest due to their differences 
from common EGFR mutations and their small number, 
which makes the enrollment of clinical trials in this special 
category very difficult. Therefore, the enrichment of 
literature data with all realized studies is encouraged. The 
present study found a frequency of rare EGFR mutations 
in Moroccan patients with lung ACs consistent with the 
average rate reported in the literature, occurring mostly in 
exon 18, and more in regular smokers than non-smokers. 
Further multicenter and prospective studies to enroll a 
larger number of patients and to evaluate the response to 
different TKI, are still needed worldwide, and particularly 
in North African and Arab populations to assess their 
specific characteristics and outcomes. 
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