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Lung cancer is the most common cancer world-
wide in both females and males.1 The non-small cell 
lung cancer (NSCLC) distribution among all lung 
cancer is approximately 85%, and adenocarcinoma is 
the most common histological subtype in both sexes, 
constituting almost half of all lung cancers.2,3  

EGFR is an important therapeutic target in lung 
adenocarcinoma.4 Oral tyrosine kinase inhibitors 
(TKIs) can be used in patients with driver mutations 
in EGFR.5 EGFR mutations were observed in ~10-
15% of NSCLC patients in Western populations and 
up to 50% in Asian populations.6,7 In a previous 
study, the EGFR mutation rate in adenocarcinomas 
was 33.9% for women and 9.4% for men in 499 
cases, and the overall mutation rate was 14%.8 Also, 

EGFR mutations are more frequently detected in fe-
male patients and non-smokers.9 

The blood group antigens are biochemical com-
ponents of the red blood cell membrane.10 Specific 
ABO blood group and Rh antigens are found to be as-
sociated with several malignancies.11 Several studies 
have investigated the association of ABO-Rh blood 
type and prognostic and predictive role of other anti-
gens with lung cancer risk.12-20 However, to our knowl-
edge, only two studies have investigated the relationship 
between blood type and EGFR mutation in lung can-
cer, and thus it remains poorly investigated.21,22 

The study aims to evaluate the relationship be-
tween blood type and EGFR mutation positivity in 
lung adenocarcinoma patients.  

Association Between Blood Type and Epidermal Growth  
Factor Receptor Mutation Positivity in  
Lung Adenocarcinoma Patients 
    Mustafa GÜRBÜZa,    Erman AKKUŞb,    Bilgin KARAALİOĞLUa,    Elif Gizem AKTAŞb, 
    Elif Berna KÖKSOYa,    Hilal ÖZAKINCIc,    Serhat HAYMEd,    Yüksel ÜRÜNa,    Serpil DİZBAY SAKc, 
    Ahmet DEMİRKAZIKa,    Güngör UTKANa  
aAnkara University Faculty of Medicine, Department of Medical Oncology, Ankara, TURKEY  
bAnkara University Faculty of Medicine, Department of Internal Medicine, Ankara, TURKEY  
cAnkara University Faculty of Medicine, Department of Pathology, Ankara, TURKEY  
dAnkara University Faculty of Medicine, Department of Biostatistics, Ankara, TURKEY 

ABS TRACT Objective: Specific ABO blood group and Rh antigens are found to be associated with several malignancies and lung cancer. 
However, the relationship between blood type and Epidermal Growth Factor Receptor (EGFR) mutation in lung cancer remains poorly in-
vestigated. Material and Methods: In this retrospective case-control study, 105 EGFR mutation-positive and 169 EGFR mutation-negative 
lung adenocarcinoma patients were included. Baseline characteristics of the patients were determined. Odds ratios were calculated for the re-
lationship of EGFR mutation positivity according to the ABO and Rh blood type. Overall survival difference according to the blood types was 
analyzed in metastatic patients that were diagnosed in the EGFR-mutant group. Results: There was no statistically significant increase ob-
served in the relationship of EGFR mutation positivity for any of ABO and Rh types (OR and p-value, respectively; A: 1.15-0.57, B: 0.68-
0.28, AB: 1-0.98, O: 1.06-0.82, Rh: 1.04-0.91). There was no statistically significant overall survival difference between ABO types (16, 
21.1, 18.9, 24.9 months for O, A, B, AB blood groups, respectively). Conclusion: No significant association between blood type and EGFR 
mutation positivity in lung adenocarcinoma could be established. 
 
Keywords: Lung adenocarcinoma; EGFR; blood type; ABO-Rh

DOI: 10.37047/jos.2020-79248

Correspondence: Mustafa GÜRBÜZ 
Ankara University Faculty of Medicine, Department of Medical Oncology, Ankara, TURKEY/TÜRKİYE 

E-mail: mgurbuz@ankara.edu.tr 
 

Peer review under responsibility of Journal of Oncological Sciences. 
 

Re ce i ved: 16 Nov 2020          Received in revised form: 27 Dec 2020         Ac cep ted: 30 Dec 2020          Available online: 02 Feb 2021 
 

2452-3364 / Copyright © 2021 by Turkish Society of Medical Oncology. This is an open 
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Turkiye Klinikleri Journal of Internal Medicine 
Journal of Oncological Sciences

ORIGINAL RESEARCH

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0001-7680-4142
https://orcid.org/0000-0002-7531-7817
https://orcid.org/0000-0001-7584-8549
https://orcid.org/0000-0002-2487-3899
https://orcid.org/0000-0002-6590-4444
 https://orcid.org/0000-0001-7921-1000
https://orcid.org/0000-0001-9428-3002
https://orcid.org/0000-0002-9152-9887
https://orcid.org/0000-0003-3666-3095
https://orcid.org/0000-0002-2917-7999
https://orcid.org/0000-0001-8018-6017


 MATERIAL AND METHODS 
STuDY DESIGN 
This is a retrospective, case-control study. Records 
of lung adenocarcinoma patients from 2014 through 
2020 were screened via the hospital database. Before 
2018, formalin-fixed paraffin-embedded (FFPE) 
tumor tissues of these patients were examined for 
EGFR mutations in exons 18, 19, 20, and 21 by PCR-
based direct Sanger sequencing. The final nucleotide 
mutations detected by sequencing were compared 
with the NCBI database. Between 2018 and 2020, 
FFPE tumor tissues of studied cases were analyzed 
for all insertions/deletions, point mutations in hot spot 
regions of the EGFR gene by Qiagen GeneReader 
next-generation sequencing (NGS) System, using 
commercial DNA panel. Patients were divided into 
two groups, EGFR positive and EGFR negative, ac-
cording to the EGFR mutation status.  

Blood types as ABO and Rh were determined 
serologically. EGFR mutation-positive and negative 
lung adenocarcinoma patients were sub-grouped ac-
cording to their blood types. In a group of patients 
that are EGFR mutation-positive and metastatic at the 
time of diagnosis, the overall survival (OS) differ-
ence between the different blood group types was an-
alyzed. OS was defined as the duration between 
treatment initiation and death or last known follow-
up. Gender, age, smoking history, The Eastern Co-
operative Oncology Group Performance Status Scale 
(ECOG PS) status, primary tumor localization, 
metastasis at the time of diagnosis, metastatic sites, 
and mutation type in the EGFR-mutant group were 
recorded as baseline characteristics.  

The local Ethics Committee at the Ankara Uni-
versity Faculty of Medicine approved this study in 
compliance with the Helsinki Declaration (Decision 
number: İ4-236-20).  

STATISTICAL ANALYSES 
Continuous variables were given as median (mini-
mum (min)-maximum (max)). Categorical variables 
were represented as a percentage. Cross-tabs and chi-
square tests were used to determine differences in pro-
portions and to calculate the odds ratio. The survival 
analysis was evaluated by Kaplan-Meier methods with 

the log-rank test. All p-values were based on a 2-tailed 
test of significance (p=0.05). All the statistical anal-
yses were conducted using software SPSS version 22 
(SPSS Inc, USA). 

 RESuLTS 

CHARACTERISTICS 
Overall, 105 EGFR mutation-positive and 169 EGFR 
mutation-negative patients were included. Table 1 
shows the characteristics of the patients. The median 
age was 62 in both groups. There was a female dom-
inancy in the EGFR-mutant group (53%) compared 
to the EGFR mutation-negative group (26%). The 
majority of the EGFR-mutant patients had never 
smoked, but most of the patients without EGFR mu-
tation were ex-smokers. Primary tumor localization 
was mainly right-sided in both groups. Fifty-two per-
cent of the patients in the EGFR- mutation-positive 
group and sixty-five percent of the patients in the 
EGFR mutation-negative group were metastatic at 
the time of diagnosis. The mutations of exon 19 and 
21 were detected in 55% and 28% of the EGFR-mu-
tant patients, respectively.  

EGFR MuTATION-pOSITIvE LuNG ADENOCARCI-
NOMA ACCORDING TO THE BLOOD TYpE 
The frequency of the blood types in EGFR mutation-
positive and negative groups and odds ratios for the 
EGFR-mutant lung adenocarcinoma are shown in 
Table 2. There was no statistically significant in-
crease noticed in the relationship between the ABO 
and Rh types and lung cancer incidence.  

OS-BLOOD TYpE IN EGFR MuTATION-pOSITIvE 
LuNG ADENOCARCINOMA 
The patients, which were metastatic at the time of di-
agnosis in the EGFR-mutant group, were analyzed 
for OS (Table 3). All patients included in the sur-
vival analysis received an anti-EGFR-TKI as the 
first- or second-line therapy. Forty-five (82%) of 55 
EGFR mutation-positive patients were treated with 
erlotinib and 10 (18%) patients with afatinib, re-
spectively. There was no statistically significant sur-
vival difference observed between ABO types and 
between Rh-negative and positive patients (Figure 1, 
Figure 2).  
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 DISCuSSION 
In this case-control study, no relationship between 
blood type and EGFR mutation positivity in lung ade-
nocarcinoma could be found. A statistically insignifi-
cant OS difference between blood types in 
EGFR-mutant patients was observed. As expected, the 
female gender and non-smokers were dominant in the 
EGFR-mutant group. 

Although blood type and lung cancer risk have al-
ready been studied previously, the findings were con-
flicting. One study found an association of non-O blood 
type and Rh negativity with lung cancer risk; another 
study highlighted the association of A and AB blood 
types with male sex, whereas two studies did not find 
any relationship.12,13,15,20  

EGFR mutation+ EGFR mutation- 
(n=105) (n=169) 

Age 62 (25-81) 62 (33-86) 
median (min-max) 
Gender n (%) 
Male 49 (47) 125 (74) 
Female 56 (53) 44 (26) 
ECOG pS n (%) 
0 34 (32) 47 (28) 
1 61 (58) 101 (60) 
2 10 (10) 21 (12) 
Smoking n (%) 
Never-smoker 58 (55) 32 (19) 
Ex-smoker 38 (36) 106 (63) 
Active smoker 9 (9) 31 (18) 
packet/year 30 (8-120) 40 (10-100) 
median (min-max) 
primary tumor localization n (%) 
Right 62 (59) 113 (67) 
Left 43 (41) 56 (33) 
pleural effusion n (%) 18 (17) 19 (11) 
De novo metastatic n (%) 55 (52) 110 (65) 
Metastatic site number n (%) 
1 26 (25) 58 (34) 
2 22 (21) 29 (17) 
3 4 (4) 13 (8) 
4 3 (3) 10 (6) 
Metastatic site n (%) 
Contralateral lung 18 (17) 17 (10) 
Brain 16 (15) 27 (16) 
Liver 5 (5) 9 (5) 
Bone 29 (28) 34 (20) 
pleura 18 (17) 19 (11) 
Adrenal 5 (5) 25 (15) 
Distant lymph node 7 (1) 17 (10) 
Other 1 (1) 5 (3) 
Mutation type n (%) 
Exon 19 58 (55) - 
Exon 21 29 (28)  
Other 18 (17)

TABLE 1:  The demographic and clinicopathological features 
of the patients.

EGFR mutation+ EGFR mutation- 
n (%) n (%) OR (95% CI) p 

A 49 (47) 73 (43) 1.15 (0.70-1.87) 0.57 
Non-A 56 (53) 96 (57) 
B 13 (12) 29 (17) 0.68 (0.33-1.38) 0.28 
Non-B 92 (88) 140 (83) 
AB 10 (10) 16 (9) 1.00 (0.43-2.31) 0.98 
Non-AB 95 (90) 153 (91) 
Non-O 33 (31) 51 (30) 1.06 (0.62-1.79) 0.82 

72 (69) 118 (70) 
Rh+ 93 (89) 149 (88) 1.04 (0.48-2.22) 0.91 
Rh- 12 (11) 20 (12)

TABLE 2:  Blood types and EGFR mutation positivity in lung 
adenocarcinoma.

Blood type (n) OS months (95% CI) p 
ABO 
O (21) 16 (1.0-30.9) 0.4 
A (23) 21.1 (16.5-25.7) 
B (8) 18.9 (1.2-36.6) 
AB (3) 24.9 (1.8-47.9) 
Rh  
positive (49) 21.1 (17.1-25.1) 0.1 
Negative (6) 2.9 (0–12.2)

TABLE 3:  OS according to the blood types in EGFR-mutant 
metastatic lung adenocarcinoma.

FIGURE 1: The OS graphic in EGFR-mutant metastatic lung adenocarcinoma ac-
cording to ABO blood types.
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The mutation rate of EGFR was lower in pa-
tients with AB blood type (25%) compared to those 
with other blood types (49.4%, 46%, and 50% in A, 
B, and O blood types, respectively, all p<0.05) in 
Chinese population.21 However, in this study, 15.3% 
of the non-adenocarcinoma patients also had EGFR 
mutations. Another study revealed a significant rela-
tionship between blood type and EGFR mutation; 
however, the investigators did not mention the spe-
cific blood type, and analyses were secondary.22 Also, 
EGFR mutation was not associated with smoking his-
tory in this study. The current case-control study in-
cluded only lung adenocarcinoma patients with the 
main objective to evaluate blood type as a predictive 
factor for EGFR mutation status.  

Several previous studies investigated the rela-
tionship between blood group and target alterations 
for other cancer types. In a study of 100 upper  
gastrointestinal cancer patients, any relationship 
could not be established between human epidermal 
growth factor receptor 2 (HER2)-positivity and blood 
type.23-25 Any relationship between blood type and 
HER2 positivity could not be found in breast cancer 
in another study.24 Another study with 426 breast can-
cer patients detected no relationship between blood 
type and HER2, estrogen, and progesterone receptor 
positivity.25  

An earlier study revealed that curatively resected 
NSCLC patients with blood type B and O had signif-
icantly prolonged OS.14 In another study, no treat-
ment response and survival difference according to 
the blood type were detected in non-metastatic locally 

advanced 81 NSCLC patients.19 Furthermore, Fuku-
moto et al. showed that the ABO blood group was an 
independent prognostic factor.18  

In our study, OS analysis was performed only in 
metastatic and EGFR mutation-positive patients at 
the time of diagnosis. It was a statistically insignifi-
cant difference, but a numerical difference was ob-
served, especially between Rh-positive and-negative 
patients. However, the number of patients in B, AB, 
blood groups, and Rh-negative groups was very low 
in this study. Moreover, the treatments and other 
prognostic factors of the groups were not evaluated in 
this study in order to define the primary relationship 
between blood type and EGFR mutation status. 

 CONCLuSION 
To our knowledge, this is the first study in the litera-
ture to investigate the relationship between blood 
group type and OS in EGFR mutation-positive lung 
adenocarcinoma. The current study could not estab-
lish any relationship between blood type and EGFR 
mutation positivity in lung adenocarcinoma. There 
was not any OS difference in EGFR positive patients 
according to the blood type. Prospective cohort stud-
ies with a higher number of patients might be more 
informative to understand this relationship. Further 
studies, including clinical prognostic parameters and 
treatment modalities, are suggested for better prog-
nosis and treatment. 
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