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Abstract

Objective: Our prospective study aims to define the correlation of EGFR(epidermal growth factor receptor) mutations with
major histological subtypes of lung adenocarcinoma from resected and non-resected specimens, according to the WHO 2015
classification, in Moroccan North East Population.

Methods: Epidermal growth factor receptor mutations of 150 primary lung adenocarcinoma were performed using Real-Time
PCR or SANGER sequencing. SPSS 21 was used to assess the relationship between histological subtypes of lung adenocarcinoma
and EGFR mutation status.

Results: 25 mutations were detected in the series of 150 lung adenocarcinomas, most of which were found in cases with
papillary, acinar, patterns than without these patterns and more frequently occurred in the cases without solid pattern than with
this pattern. A significant correlation was observed between EGFRmutation and acinar (P = 0,024), papillary pattern (P = 0,003)
and, negative association with a solid pattern (P < 0,001). In females, EGFR mutations were significantly correlated with the
acinar pattern (P = 0,02), whereas in males with the papillary pattern (P = 0,01). Association between the histologic component
and exon 19 deletions and exon 21 mutations were also evaluated and, we found a significant correlation between the papillary
major pattern with exon 19 mutations (P = 0,004) and, ex21 with the acinar component (P = 0,03).

Conclusion:An analysis of resected and non-resected lung ADC specimens in 150 Moroccan Northeast patients, revealed that
acinar and papillary patterns may predict the presence of a mutation in the EGFR gene. While the solid major pattern may
indicate a low mutation rate of the EGFR gene.
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Introduction

Lung cancer is the leading cause of cancer death worldwide. Non–
small-cell lung cancer (NSCLC) accounts for approximately 85%
of all lung cancers. Among the 3 major cell types of NSCLC
(adenocarcinoma, squamous cell carcinoma, and large cell car-
cinoma), adenocarcinoma (ADC) is the most frequent histologic
type of primary lung cancer. It is well known that lungADCs have
heterogeneous morphologic aspects and diverse new properties
with the discovery of driver mutations,1 which may require to
promote tumor growth. The most common driver oncogene is the
epidermal growth factor receptor (EGFR), and mutations in its
intracellular domain have been observed in 47% of cases.2 Mutant
status of EGFR is predicting factor for the response to EGFR
tyrosine kinase inhibitors (TKIs) and, the good prognosis of ad-
vancedNSCLC patients.3,4Most patients with ametastatic disease
whose tumors harbor EGFR activating mutations have substantial
clinical and radiographic responses to EGFR tyrosine kinase in-
hibitors (TKIs) osimertinib, gefitinib, erlotinib, and afatinib.3,5,6

EGFR-mutated lung ADCs define a unique group with special
features. EGFR mutations affect the EGFR tyrosine kinase do-
main, in its first 4 exons (18 through 21), they aremore common in
females, never smokers, and patients of Asian ethnicity. However,
in the past few years, several studies correlated adenocarcinoma
subtypes with EGFR mutations. Some authors report that the
presence of EGFR mutations7,8 is related to the lepidic subtype.
Others suggest that the acinar predominant,9,10 papillary
predominant,11,12 and micropapillary predominant,8,11 subtypes
had higher rates of EGFR gene mutations. For patients with
advanced disease, the diagnosis of lung tumors is most often
performed on small biopsies such as bronchoscopic biopsy or
percutaneous fine-needle aspiration. The 2015 World Health
Organization (WHO) classification of non resected lung adeno-
carcinoma has contained a major change.13 In this context, the
IASLC/American Thoracic Society/European Respiratory Society
(IASLC/ATS/ERS), has proposed a new subclassification of lung

adenocarcinoma in non resected specimens (small biopsy and
cytological specimens), which will provide a powerful new tool
for the characterization of tumor pathology and appropriate
management.14

Our prospective study aims to define the correlation of EGFR
mutations with major histological subtypes of lung adenocarci-
noma from resected and non-resected specimens, according to the
WHO 2015 classification, in Moroccan North East Population.

Methods

Ethics

Ethics committee approval for this study was approved by
the faculty of Medicine and Pharmacy Ethics Committee of
Casablanca, Morocco, according to Helsinki Declaration
under reference 17/15. Written informed consent was ob-
tained for all patients and, all their relative data were de-
identified.

Patients

A prospective study was conducted among 150 formalin-fixed
paraffin-embedded (FFPE) tumors, obtained from resected
(4,7%), and non-resected specimens (95,3%). Patients diag-
nosed with primary lung ADC were included between No-
vember 2017 and October 2020, in the department of
pathology of Hassan II University Hospital, Fez, Morocco.
Patients and tumor characteristics, such as age, gender,
smoking status, histology, and tumor sample type were
extracted from the medical records of patients. Smoking
classes were defined as: Light smokers = patients who had
smoked 10 or less than 10 cigarettes per day. Heavy smokers =
patients who had smoked more than 20 cigarettes/day. Never
smokers = patients who had never smoked.15 The reporting of
this study conforms to STROBE guidelines.16

Figure 1: Histological features of lung ADC: A. Acinar subtype; B. Papillary subtype; C. Mixed subtype « acinar and papillary »; D. Tumor
necrosis; E. Tumor-infiltrating lymphocytes; F. Cellular atypia.
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Histopathological Examination

All specimens were obtained from primary sites. Hematoxylin
and eosin-stained slides of FFPE tumors were reviewed from
95,3% of bronchial biopsies and 4,7% of resection specimens.
Histological subclassification of lung ADCwas registered by a
pneumatological pathologist according to the WHO 2015
classification for small biopsies. The growth pattern of lung
adenocarcinoma may differ between primary tumors and
metastatic sites, for that, the histological pattern of lung ad-
enocarcinoma was only determined for biopsies taken from
the primary tumor, metastatic biopsies were excluded. The
pure tumor was referred for samples with a single major
pattern. Tumors with 2 or more patterns were defined as
combined tumors. The cellular atypia, tumor-infiltrating
lymphocytes, stromal fibrosis, and tumor necrosis were
also studied. Cellular atypia was described in terms of the
shape, color, or size of abnormal cells compared to normal
cells in the same sample. Minimal atypia was defined when
cells appear 1.5-fold abnormal than normal cells; moderate
atypia was referred to cells that are twice the size of normal
cells; high atypia was described for pleomorphic cells.

The degree of tumor-infiltrating lymphocytes was defined
by the density and the extent of the lymphocytes cells pop-
ulation invading tumor cells. The methodology for counting
tumor-infiltrating lymphocytes was somewhat based on the
scoring method used in breast cancer specimens. Lymphocytic
infiltrate was defined as minimal: number of TILs <10 per
tumor section; moderate: TILs 10-40 and, high: TILs> 40 per

tumor section. Stromal fibrosis was defined by the density of
connective tissue that directly surrounds tumor cells. Minimal
stromal fibrosis meant that the sample was composed of a large
number of tumor foci surrounded by a small amount of fibrosis
(<25% per tumor section). Moderate stromal fibrosis intermediated
minimal stromal fibrosis and high stromal fibrosis (25 – 50% per
tumor section). High stromal fibrosis meant that the sample mainly
consisted of fibrosis (>50% per tumor section) surrounding a few
tumor cells. Tumor necrosis was determined by its presence or
absence in the tumor tissue.

Mutational Analysis of EGFR Gene

Epidermal growth factor receptor mutation testing was per-
formed in formalin-fixed paraffin-embedded tissue samples
obtained from the primary lung tumor.

DNA extraction: The percentage of tumor cells was per-
formed by a pathologist on hematoxylin, safran, and eosin-
stained slides. DNA was extracted from only the surrounded
tumor area. QIAamp DNA FFPE Tissue Kit (Invitrogen) was
used for DNA isolation according to the manufacturer’s
instructions.

The presence of EGFR mutations was determined for 150
patients. According to the percentage of tumor cells, 2 dif-
ferent methods were used for the detection of EGFR muta-
tions. For tumors with a low percentage of tumor cells <30%, a
Real Time PCR was performed using the therascreen EGFR
RGQ PCR Kit which is designed to detect the most commonly
reported 29 EGFR mutations. DNA amplification was

Figure 2: The flowchart used to divide tumors into different groups. N: number of tumors; EGFR (+): EGFR positive mutation; EGFR (�): EGFR
negative mutation.
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performed using PCR for exon 18, 19, 20, and 21 with specific
primers. Automatic direct sequencing (the current gold
standard) with BigDye Terminator V3.1 Cycle Sequencing
Kit (ABI Prism) was used only for samples with tumor cells
>30%.

Statistical Analysis

All analyses were recorded using SPSS (version 21; SPSS
Inc., Chicago, IL). The correlation of EGFR mutations and
several parameters were analyzed using the Chi-square test
or Fisher’s exact test. Tests were statistically significant when
P < 0 .05

Results

Epidermal Growth Factor Receptor Mutations
and Demographics

20 out of 170 tumors were excluded due to lack of tumor
material or degraded DNA extracted, so 150 patients were
finally enrolled (Figure 2). The clinical characteristics of
patients with tumors harboring EGFR mutations are sum-
marized in (Table 1). One patient showed multiple mutations
in different exons (p. L858 R in exon 21 plus p. S768I in exon
20), so 25 mutations were detected in the series of 150 (16,6%)
patients. The mean age of mutation positive was 63,38 years
(range, 43-79) and was somewhat higher than that of negative

Table 1: Demographics of patients with EGFR mutation.

N EGFR positive EGFR negative P value

Gender
Female 42 11 (45.8%) 31 (24.6%) P = 0.03
Male 108 13 (54.2%) 95 (75.4%)

Age
<60 years 72 9 (37.5%) 63 (50%) P = 0.1
>60 years 78 15 (62.5%) 63 (50%)

Smoking status
Never 55 17 (70.8%) 38 (30.2%) P < 0.0001
Ever 95 7 (29.2%) 88 (69.8%)

Sampling techniques
Endoscopic 80 15 (62.5%) 65 (51.6%) P = 0.1
Computed tomography 48 5 (20.8%) 43 (34.1%)
Surgical biopsy 15 1 (4.2%) 14 (11.1%)
Lobectomy 7 3 (12.5%) 4 (3.2%)

Cellular atypia
Mild 10 2 (8.3%) 8 (6.3%)
Moderate 93 19 (79.2%) 74 (58.7%) P = 0.04
Marked 47 3 (12.5%) 44 (34.9%)

Fibrous stroma
Mild 39 6 (25%) 33 (26.2%) P = 0.08
Moderate 84 17 (70.8%) 67 (53.2%)
Marked 27 1 (4.2%) 26 (20.6%)

Lymphocytes infiltration
Low 79 11 (45.8%) 68 (54%) P = 0.1
Moderate 55 12 (50%) 43 (34.1%)
High 16 1 (4.2%) 15 (11.9%)

Tumor necrosis
Present 42 7 (29.2%) 35 (27.8%) P = 0.1
Absent 108 17 (70.8%) 91 (72.2%)

Tumor size
<2 cm 6 3 (15%) 3 (2.5%) P = 0.03
>2 to <3 cm 9 1 (5%) 8 (6.5%)
>3 to <5 cm 33 3 (15%) 33 (25%)
>5 cm 93 13 (65%) 80 (66%)

Pathological stage
Ia/Ib or IIa/IIb 7 2 (9.5%) 5 (4.2%) P = 0.2
IIIa or IIIb 13 2 (9.5%) 11 (9.2%)
IV 119 17 (81%) 103 (86.6%)
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cases (60,12). Out of 42 females included in the study, 26,19%
(11/42) showed positive EGFR mutation compared to 11,9%
(13/109) of males and the association between mutations and
female gender was statistically significant (P = 0,034). As
expected, most patients whose tumors harbor EGFR positive
mutation were never smokers (60,8%) (P < 0.0001) as com-
pared to (30,02%) in patients with EGFR wild-type tumors.

Epidermal Growth Factor Receptor Mutations and
Histologic Subtypes

Regarding histological subtypes, most tumors that we eval-
uated (n = 150; 60,7%) had a single growth pattern. 53 ad-
enocarcinomas (35,3%) had ≥2 growth patterns (mixed
tumors), Figure 1. In our study, there were 7 lobectomies, out
of which 5 had mixed tumors. Out of the 150 tumors included,
the acinar growth pattern was the most frequently occurring
major pattern, constituting 59,3%, followed by solid 46%,
papillary 22,7%,mucinous 4%,micropapillary 2,7%, lepidic and
enteric 1,3%. Furthermore, the rates of EGFR mutations in
acinar, papillary, solid, and lepidic subtypes were 79,2%, 45,8%,
4,2%, and 4,2%, respectively (Table 2). Significant correlation
was revealed betweenEGFRmutation and papillary (P = 0,003),
acinar (P = 0,024) component. In females,EGFRmutations were
significantly correlated with the acinar pattern (P = 0,02),
whereas in males with a papillary pattern (P = 0,01). EGFR
mutations were more frequently found in specimens with acinar
or papillary patterns than without these patterns (Table 3). We
also analyzed the relationship between EGFR mutations and
cellular atypia, fibrous stroma and, tumor-infiltrating lympho-
cytes. Moderate atypia was found in 79.2% of the EGFR mu-
tated group, as compared to 58% in the WT group. 70,8% of
EGFR positive tumors had moderate fibrous stroma versus
53,2% in the WT group. Tumor-infiltrating lymphocytes were
moderate in 50% of EGFR mutated-tumors, while 54% of the
WT EGFR group were minimally infiltrated. A significant
correlation between EGFR mutations and moderate atypia (P =
0,04) was registered. The correlation between the histologic
component and exon 19 deletions and exon 21 mutations were
also evaluated and, we found a significant correlation between
the papillary major pattern with exon 19 mutations (P = 0,004)
and, ex21 with the acinar component (P = 0,03).

Epidermal Growth Factor Receptor
Mutations Distribution

Regarding the distribution by exons of EGFR mutations, the
main types were in-frame deletions in exon 19 (17/25, 68%),
followed by the missense substitutions in exon 21 (6/25,
24%). The only 1 mutation detected in exon 20 (1/25.4%)
was found in the patient with combined mutations. Just 1
patient had an exon 18 mutation (4%).

Discussion

It has been largely reported that EGFR mutations are asso-
ciated with specific features, such as female gender, never-
smoking history, ethnicity, and lung ADC.17-19 The relationship
between histological subtypes of lung adenocarcinoma and
EGFR mutations has been extensively investigated.11,20-23

However, most studies were performed only on surgically
resected tumors. For patients with advanced disease, the di-
agnosis is most often performed on a small biopsy, so the
histological features of EGFRmutation in inoperably advanced
lung ADC have not been well defined. 2015 WHO classifi-
cation has proposed a new subclassification of lung adeno-
carcinoma in non resected specimens, which will provide a
powerful new tool for the characterization of tumor pathology
and appropriate management.14 In this study, 16,6% of 150
primary lung ADC had positive mutations in the EGFR gene.
The mutations tend to be more common among women than
men and never-smokers versus ever smokers, they were more
likely to be female. These profiles and prevalences are con-
sistent with findings noted in prior studies from Asia including
Korea, China, and Japan.24-26

Some studies described that patients characterized by
papillary, micropapillary, and lepidic patterns carried EGFR
mutations more frequently than others.23,27,28 According to the
new classification, Campos-Parra et al reported a positive cor-
relation between EGFR mutations and the presence of acinar or
lepidic components through evaluating 313 sample tissue of lung
adenocarcinoma obtained by a biopsy.29 In a series of 186
specimens, including 135 small biopsy and 51 cell blocks made
from cytology specimens, Maturu et al showed a higher fre-
quency of EGFRmutation in the lepidic predominant pattern and

Table 2. Epidermal growth factor receptor mutation in the major pattern of lung ADC.

Main Histology

Female Male

N
EGFR
Positive

EGFR
Negative N

EGFR
Positive

EGFR
Negative N

EGFR
Positive

EGFR
Negative

Acinar 89 19 (21.3%) 70 (78.6%) 22 9 (40.9%) 13 (59.09%) 67 10 (14.9%) 57 (85.0%)
Papillary 34 11 (32.3%) 23 (67.6%) 7 4 (57.1%) 3 (42.8%) 27 7 (25.9%) 20 (74%)
Solid 69 1 (1.4%) 68 (98.5%) 19 0 (0%) 19 (100%) 50 1 (0.02%) 49 (98%)
Mixed tumor 25 6 (24%) 19 (76%) 3 2 (66.6%) 1 (33.3%) 22 4 (18.18%) 18 (81.8%)
Acinar and papillary
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a negative correlation with solid-predominant adenocarcinoma.30

However, Weng et al found a higher prevalence in moderately
differentiated (acinar or papillary) ADCs.31

The relationship between EGFR mutations and histological
subtype in metastatic lung adenocarcinoma was firstly reported
by Clay et al. In this study of 100 metastatic specimens, the
EGFR mutations were most frequently found in major acinar
and micropapillary pattern tumors and were rarely found in
major solid pattern tumors.32 Similar results have been reported
in a series of 59 brain metastases samples, the wild-type EGFR
gene was significantly more frequent in cases with solid
components compared with acinar and papillary subtypes.33

In line with our results, Kim et al, in their study reported on
356 biopsies and 3 resections, patients with the papillary,
lepidic, and acinar patterns were more likely to have EGFR
positive mutations.34 In our series, the histological subtype of
primary lung ADC based on the 2015WHO classification was
carried out in 150 patients. Our results showed that EGFR
mutation was more frequently found in the acinar major pattern,
followed by papillary, lepidic, and solid components. EGFR
mutation was the most frequently found in cases with papillary,
acinar, patterns than without these patterns and more frequently
occurred in the cases without solid pattern thanwith this pattern.
A significant correlation was observed between EGFRmutation
and acinar (P = 0,024), papillary pattern (P = 0,003) and,
negative association with a solid pattern.

Similar results have been reported by Wang et al, which
showed that EGFR mutation was significantly correlated with

the presence of an acinar component (P < 0.001), papillary
component (P = 0.034) in a series of 395 resected samples.35

In contrast with what has been reported by Campos-Parra et al,
Maturu et al, and Kim et al, a low frequency of EGFR mu-
tations was seen in the lepidic major pattern. A possible reason
for this difference was that there were just 2 lepidic major
pattern adenocarcinomas in our series, and one of them dis-
played E746_A750del Exon 19 deletion. The results of this
study suggest that the rate of EGFR mutations varies not only
by geographic region, demographic factors, and ethnicity but
also among histological subtypes.

Because EGFR mutations are more frequent in the female
gender, we separated women from men, to reveal the dif-
ference in histological subtypes with EGFR mutation by
gender. In females, EGFR mutations were more frequently
existed in samples with an acinar component than without it.
While in males, EGFR mutations were more frequently found
in the papillary major pattern. In contrast with what has been
reported by Chen et al,36 the difference of histological subtype
with EGFR mutation in gender was significant.

In a large variety of cancers, tumor infiltration lymphocytes
are considered as one of the most important indicators of
tumor prognosis.37 In NSCLC, the presence of EGFR mu-
tation is involved in changing the tumor microenvironment.38

Feng et al found an association between low density of tumor
infiltration lymphocyte and sensitive EGFR mutation, the
density of lymphocyte infiltration was lower in the EGFR
mutated cases (42.9% vs 53.7%).38 In contrast with what has

Table 3. Association between EGFR mutation and histological component in lung ADC.

Female Male

Histological subtype
of ADC N

EGFR
positive

EGFR
negative P-value N

EGFR
positive

EGFR
negative P-value N

EGFR
positive

EGFR
negative P-value

Acinar
With 89 19

(79.2%)
70 (55.6%) P =

0.02
22 9 (81.8%) 13 (41.9%) P =

0.02
67 10

(76.9%)
57 (60%) P = 0.2

Without 61 5 (20.8%) 56 (44.4%) 20 2 (18.2%) 18 (58.1%) 41 3 (23.1%) 38 (40%)
Papillary

With 34 11
(45.8%)

23 (18.3%) P =
0.003

7 4 (36.4%) 3 (9.7%) P =
0.06

27 7 (53.8%) 20 (21.1%) P = 0.01

Without 116 13
(54.2%)

103
(81.7%)

26 7 (63.6%) 28 (90.3%) 81 6 (42.2%) 75 (87.9%)

Solid
With 69 1 (4.2%) 68 (54%) P <

0.001
19 0 (0%) 19 (61.3%) P <

0.001
50 1 (7.7%) 49 (51.6%) P = 0.003

Without 81 23
(95.8%)

58 (46%) 23 11 (100%) 12 (38.7%) 58 12
(92.3%)

46 (48.4%)

Mixed acinar and
papillary

With 25 6 (25%) 19 (15.1%) P = 0.1 3 2 (18.2%) 1 (3.2%) P =
0.09

22 4 (30.8%) 18 (18.9%) P = 0.2

Without 125 18 (75%) 107
(84.9%)

39 9 (81.8%) 30 (96.8%) 86 9 (69.2%) 77 (81.1%)
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been reported by Feng et al in our series, the number of
patients who had a moderate density of tumor infiltration
lymphocytes in the EGFR positive tumors was higher than
that observed in the WT group (50% vs 34,1%). This dif-
ference could be explained by the use of different scoring
methods or different types of samples (biopsies vs resection
specimens).

Epidermal Growth Factor Receptor exon mutation dis-
tribution in our population was similar to that generally re-
ported in the Middle East and Africa literature.39 It has been
well reported that mutations in exon 19 and 21 are the most
frequent of all mutations (80-90%).40,41 In our subjects, the
EGFR mutation most frequently detected was a short in-frame
deletion in exon 19 (68%), the missense substitution L858R and
L861Q in exon 21 was observed only in 24% of cases which
show similarity with Noronha et al and Gaura et al studies.42,43

The present study also supports a significant correlation between
EGFR mutations and moderate cellular atypia (P = 0,02), exon
19 deletions with papillary major pattern (P = 0,004) and, ex21
mutations with acinar growth pattern (P = 0,03).

The present study has several limitations. First, it is a
prospective study performed in a single-institution which
limits reproducibility and generalization to other populations.
Second, the small sample size may have affected the results,
limiting the extrapolation of the findings to the general
population, so the results should be confirmed in a larger series
in the future. Third, tumor specimens were mostly obtained
from small biopsies, which may have influenced the accuracy
of pathological interpretation.

In summary, an analysis of resected and non resected lung
ADC specimens in 150Moroccan Northeast patients, revealed
that female gender, non-smokers, acinar, and papillary pat-
terns may predict the presence of a mutation in the EGFR
gene. However, the EGFR test must be performed for all
patients with primary lung ADC, since the histology of ADC
cannot fully predict the presence of EGFR mutations.
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