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ABSTRACT

Breast cancer is a common malignancy that poses a hazard to women’s health. In 2021, around 2.3 mil-
lion new cases are predicted to be discovered, with a mortality rate of 6.9% on average. Breast cancer
accounts for 14.8% of malignancies among the Saudis with an 8.5% fatality rate. Breast cancers that are
HER2 positive account for 15 to 20% of all breast cancers. We intended to investigate the genetic muta-
tions and the clinicopathological aspects of HER2 positive breast cancer patients. We used TruSight
Tumor 15 using Next-Generation Sequencing (NGS) to look at genetic changes in 126 Saudi women with
stage I to IV breast cancer. c-MET (p = 0.001), c-KIT (p = 0.001), and PIK3CA (p = 0.0001), were shown to be
substantially linked with HER2 positive patients. We also detected mutations in other genes, including
BRAF, EGFR, and KRAS. Tumor size, grade, stage, and nodal status were all associated with increased levels
of HER2 expression. Our results recommend that patients with HER2 positive breast cancer in Saudi
Arabia have a high mutational burden, which may be related to trastuzumab resistance. We expect that
in the future, targeting these mutations will be a promising therapeutic method for the treatment of
breast cancer.

© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

One of the most frequent malignancies that threatens women'’s
health is breast cancer. According to the Global Cancer Statistics
2020, 2.3 million new cases of breast cancer are expected to be
identified in 2021, with a 6.9% fatality rate. Although the mortality
rate for breast cancer is lower than for other types of cancers such
as lung cancer and colorectal cancer, it is still quite high (Sung
et al., 2021). In 2018, the rate of newly diagnosed breast cancer
in Saudi Arabia was 14.8%, with an 8.5% death rate (Algahtani
et al., 2020). Many variables, including changing lifestyles and
expanded services in offering screening programs, are thought to
be contributing to an increase in the incidence of breast cancer.
Variations in incidence and mortality, according to various studies,
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are attributed to a variety of factors including family history and
age (DeSantis et al,, 2019). In many generations, family history
plays an important influence in the development of breast cancer.
It suggests that those who have a high percentage of consanguinity
are more likely to develop a genetic disease like breast cancer. The
high proportion of consanguinity in Saudi Arabia’s population
raises the risk of various hereditary illnesses, including the devel-
opment of breast cancer. As a result, it’s critical to evaluate genetic
differences linked to the development of breast cancer (EI-Mouzan
et al., 2007). Another key risk factor for breast cancer is one’s age.
The risk increases significantly with age. Furthermore, ovarian hor-
mones have an effect on the development of breast cancer from the
adolescent to menopausal period, as well as during and after
menopause (Colditz & Rosner, 2000; Thakur et al., 2017).

Breast cancer has been divided into up to ten molecular rele-
vant subgroups, according to recent reports. Four subtypes, how-
ever, are the most clinically important, and they can also be
diagnosed by immunohistochemistry. The four subtypes are lumi-
nal A, luminal B, HER2-enriched, and basal-like. In this study, only
the HER2-positive or HER2-enriched subtype will be examined
(Perou et al., 2000; Serlie et al., 2001). HER2-positive breast cancer
accounts for 15-20% of all breast cancers. Multiple copies of the
HER2 gene are present, which can be discovered by Next-
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Generation Sequencing (NGS) or Fluorescence In-Situ Hybridiza-
tion (FISH). It can also be detected through immunohistochemistry
due to the overexpression of similar kinase receptor proteins
(Cronin et al., 2010; Slamon et al., 1987). HER2 receptors are
present on the plasma membrane of the ErbB family of receptor
tyrosine kinases. Once HER2 has assembled into a dimer, the phos-
phorylation of the tyrosine in the cytoplasmic domain is initiated.
As a result, it activates numerous genes, including PIK3CA, c-MET,
and c-KIT, which promote cell proliferation, migration, adhesion,
and survival. As a result, overexpression of HER2 raises the growth
factor’s reactivity and accelerates the physiological process beyond
what is normal (Rubin & Yarden, 2001; Wolff et al., 2018). These
amplifications are linked to higher pathological grades and a more
widespread form of ductal carcinoma in situ (DCIS), which has a
poor prognosis. All of these HER2 status indicators are regarded
as predictive biomarkers that aid in the selection of the most suc-
cessful treatment option (Meijnen et al., 2008; Ross et al., 2009).
Many genes have been linked to HER2-positive breast cancer in
recent years, according to research. PIK3CA is one of the genes that
has been reported. According to the literature, a mutation in the
PIK3CA gene increases protein kinase B phosphorylation and over-
activates AKT and mTOR pathways, which involve PIK3CA and AKT/
mTOR, promote the growth, proliferation, and survival of breast
cells as well as chemotherapy resistance (Freelander et al., 2021;
Karakas et al., 2013; Thorpe et al., 2015; Zardavas et al., 2018).
The c¢-MET oncogene, which codes for a proliferation and
survival-promoting tyrosine kinase receptor is another gene that
has been discovered. According to recent findings on the c-MET
gene, there is a link between mutations in the c-MET gene and
the development of numerous types of cancer, including breast can-
cer and lung cancer. The high level of protein expression caused by a
mutation in the c-MET gene in breast cancer promotes tumor
growth and results in a worse prognosis (Minuti et al., 2012;
Raghav et al., 2012). C-KIT, a member of the oncogene family, is also
a transmembrane receptor tyrosine kinase. If you have a KIT muta-
tion, people will have uncontrolled cell proliferation (Heinrich et al.,
2003; Soria et al., 2011). We aimed to discover the clinicopatholog-
ical characteristics and identify the most prevalent oncogenes that
connected with the development of this specific subtype of breast
cancer in Saudi women since there are few publications regarding
HER2-positive breast cancer patients in Saudi Arabia.

2. Materials and methods
2.1. Participants in this study

The current research was carried out in Saudi Arabia’s western
region. 126 Saudi women with stage I-IV breast cancer were
involved in the study. The ethical committee at Umm Al-Qura
University approved the IRB. A histopathologist analyzed all tumor
tissues after staining them with hematoxylin and eosin (H&E)
(Goud et al., 2020). All clinical information and pathological factors
were gathered from the patient’s medical records and pathology
reports. We excluded any patient who ever had any type of therapy
such as chemotherapy, radiotherapy, or hormonal therapy before
collecting the tumor tissue for the analysis.

Tumor tissue were collected from 126 patients. A 10-nm-thick
chunk of each sample was taken and preserved in Eppendorf
safe-lock tube designed for DNA extraction. The genomic DNA from
the 126 patients’ tissue was isolated using the Qiagen kit with DNA
FFPE according to the methodology specified (Goud et al., 2020).
After the extraction process was completed, the concentration of
the extracted DNA was measured by two methods. The NanoDrop
and Qubit techniques were used to quantify the concentration of
genomic DNA, and the remaining 126 genomic DNA was preserved
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in the freezer until further usage. After optimizing all genomic DNA
to 10 ng/ul, molecular analysis for the NGS approach was
performed.

2.2. Immunohistochemistry and scoring &

Four pum thickness section were cut from paraffin blocks and
stained with an anti-HER2 clone 4B5 for HER2.). HER2 scoring
was graded 0-3 as follow: score 0: (denotes negative staining or
membrane staining in greater than 10% of tumor cells, score®1:
weak incomplete membranous®staining in < 10% of tumor cells®
(1+). Score 2+: weak to moderate complete membranous®staining
in < 10% of tumor cells. The score 2 + is deemed as equivocal. With
a staining percentage of overten percentage of tumor cells
exhibiting strong complete membranous®staining, this is classified
as score 3 + . For the purpose of this study, only HER2 3 + score
cases were include in the study (Elston & Ellis, 2002).

2.3. DNA extraction

Following the completion of the inclusion and exclusion crite-
ria, we chose 126 tumors identified in breast cancer women. The
clinician was provided tumor tissue, and DNA was extracted using
the Qiagen kit. To double-check the DNA quantity, both the Nano-
Drop and the Qubit were used to assess DNA concentration, and we
finally adjusted on 10 ng for each DNA sample. The optimized sam-
ples were kept in the freezer until the NGS technology was used.

2.4. Identifying the genetic variations using Next-Generation
Sequencing (NGS)

[llumina second generation sequencing equipment was used for
NGS analysis (Illumina, San Diego, CA, USA). NGS analysis was car-
ried out in 126 cases with 20 ng of genomic DNA that was opti-
mized with 10 ng of genomic DNA for sequencing. The
performance of fifteen genes was assessed using TruSight Tumor
15. The quality of the pooled libraries was assessed using Qubit,
a dsDNA extremely sensitive assay. Paired-end reads were used
for sequencing on the MiSeq Platform. The MiSeq reporter software
was used to further analyze the DNA sequence data after evaluat-
ing and comparing all of the reads to the hg19/GRCh37 reference
sequence. The tissue sample variations were accurately identified
using the BaseSpcae Variant Interpreter. Because the modifications
were recognized as somatic malignant breast tumors (SNOMEDCT)
version 4.0.7.6, the problem was found to be extremely rare. We
increased the threshold values of genotyping quality, read depth,
and Indel repeat length in order to limit the number of false posi-
tives in our sample. Prior study was conducted at our institute in
conjunction with the NGS analysis.

2.5. Statistical analysis

We applied Chi-Square statistical test to study the correlation
between HER2 expression, clinicopathological variables and muta-
tion in these genes: c-MET, c-KIT and PIK3CA. Using the 22nd ver-
sion of SPSS software, statistical analysis was performed with an
obtained data and positive association was considered when p
value was defined as < 0.05.

3. Results
3.1. Clinical and pathological features

The current study was conducted on 126 cases. The
clinicopathological*characteristics of the women were represented
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Table 1
Clinical and Pathological characteristics for the participants.

Clinicopathological Characteristics N %

Age Less than 50 52 41.3%
More than 50 74 58.7%

Tumor Size Less than 2 36 28.6%
2-5 80 63.5%
More than 5 10 7.9%

Necrosis Absent 73 57.9%
Present 53 42.1%

Lymphovascular invasion Absent 74 58.7%
Present 52 41.3%

Tumor Grade Grade 1 25 19.8%
Grade 2 48 38.1%
Grade 3 53 42.1%

Lymph Node Metastasis Negative 32 25.4%
Positive > 3 47 37.3%
Positive < 3 47 37.3%

Stage Stage | 16 12.7%
Stage II 47 37.3%
Stage 111 38 30.2%
Stage IV 25 19.8%

HER2 Status Negative 86 68.3%
Positive 40 31.7%

in Table 1. In brief, the mean age of patients was 54.7 + 12.9 years
(29-87 years). HER2-positive cases were 40 (31.7%) while the
remaining 68 cases (68.3%) were HER2-negative.

3.2. Correlation between HER2 positive status and the
clinicopathological variables

Young age, large tumor size, lymph node metastases, tumor
grade, and stage were all found to be statistically correlated with
HER2 positivity (p = 0.01) (See Table 2).

3.3. Frequency of gene mutations

In this cohort, c-MET mutations were found in 52 of 126
patients (41.3%), PIK3CA mutations were found in 40 of 126
patients (31.7%), and c-KIT mutations were found in 26 of 126
patients (20.6%). Furthermore, as compared to HER2-negative
patients, HER2-positive cases were statistically correlated with
these mutant genes: c-MET (p = 0.001), PIK3CA (p = 0.0001), and
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c-KIT (p = 0.001). Other genes that have been shown to contain
mutations include EGFR (55.5 %, 70/126), PDGR (39.7%, 50/125),
KRAS (23.8 %, 30/126), and BRAF (3 %, 4/126). The latter genes,
on the other hand, did not appear to be linked to HER2-positive
status (See Table 3).

4. Discussion

An aggressive subtype of breast cancer which has a very bad
prognosis and low overall survival, is designated as HER-2 positive
breast cancer. The estimated number of HER2-positive breast can-
cer patients is about 15-20% of the total (Algahtani et al., 2020).
During this investigation, however, we found that HER2-positive
subtype accounted for 31.1% of the total breast cancer cases.

This result is consistent with many studies in Arab populations
which reported higher rates of HER2-positive subtype
(Alnegheimish et al., 2016; Al-Tamimi et al. 2009). Zekri et al.
explained the possible causes for the higher HER2 overexpression
rate in Saudi Arabia are due to the high of variability in the genetic
background beside early development of breast cancer at younger
age (Zekri et al., 2021). Similar to previous reports, HER2-positive
patients in our cohort, were commonly >50 years old. Furthermore,
there were significant correlation between HER2-positivity and
tumor size, tumor grade, lymph node metastasis and metastasis
(Zekri et al., 2021).

Recent advances in neoadjuvant therapy have markedly chan-
ged treatment strategies for breast cancer patients, especially
those with HER2-positivestatus. Trastuzumab, a specific HER2-
targeting antibody, has enormously improved the survival of
HER2-positive patients and it is considered the standard first line
therapy. However, this efficacy, resistance to trastuzumab limits
its potential. It is reported that about two-thirds of HER2-
positive patients cannot benefit from HER2-targeted therapy
(Zhao et al., 2018). Trastuzumab is known to target specifically
the extracellular domain of the HER2 receptor and subsequently
inhibit the downstream of PIK3/Akt pathway. As a consequence,
mutation of the PIK3CA gene is an important cause for trastuzumab
resistance (Minuti et al., 2012).

Our study describes the genetic background of HER2-positive
cases and in order to highlight the mutational pattern of genes in
this specific subtype, we examined the genetic mutation of our
breast cancer cases using NGS. Based on our data, mutation of c-

Table 2
Clinical and Pathological features of HER2-positive patients.
Clinicopathological Characteristics HER 2 P-value
Negative Positive
N % N %

Age Less than 50 29 55.8% 23 44.2% 0.012
More than 50 57 77.0% 17 23.0%

Tumor Size Less than 2 16 44.4% 20 55.6% <0.001
2-5 65 81.3% 15 18.8%
More than 5 5 50.0% 5 50.0%

Necrosis Absent 53 72.6% 20 27.4% 0.218
Present 33 62.3% 20 37.7%

Lymphovascular invasion Absent 49 66.2% 25 33.8% 0.558
Present 37 71.2% 15 28.8%

Tumor Grade 1 25 100.0% 0 0.0% <0.001
2 28 58.3% 20 41.7%
3 33 62.3% 20 37.7%

Lymph Node Metastasis Negative 32 100.0% 0 0.0% <0.001
Positive > 3 32 68.1% 15 31.9%
Positive < 3 22 46.8% 25 53.2%

Stage I 16 100 % 0 0.0% <0.001
Il 42 89.4% 5 10.6%
11 23 60.5% 15 39.5%
v 5 20.0% 20 80.0%
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Table 3
The frequencies of the significant genes’ mutations in our cohort study.
Significant genes HER2 Status P-value
Negative Positive
N % N %
c-MET No mutation 64 86.5% 10 13.5% <0.001
Mutation 22 42.3% 30 57.7%
c-KIT No mutation 75 75.0% 25 25.0% 0.001
Mutation 11 42.3% 15 57.7%
PIK3CA No mutation 81 94.2% 5 5.8% <0.0001
Mutation 5 12.5% 35 87.5%

MET gene was the most frequent mutation in HER2-positive cases,
followed by PIK3CA and c-KIT. Mutations in other genes were also
detected such as EGFR, PDGR, KRAS and BRAF, however, these muta-
tions were not significantly associated with HER 2-positive status
and further investigation are suggested. Consistent with our
results, many studies showed that mutation in PIK3CA gene is fre-
quent in HER-2-positivesubtypes; however, these studies could not
detect any significant association between mutation of PIK3CA
gene and resistance to trastuzumab (Berns et al., 2007; Thorpe
et al,, 2015). However, and to the best our knowledge, no available
literatures have studied the correlation between c-MET and/or c-
KIT mutation and Her-2-positive breast cancer in Saudi patients.

5. Conclusion

The current study showed that HER2-positive breast cancer is
associated with aggressive behavior such as lymph node metasta-
sis, high grade tumor and tumor stage. Furthermore, our study is
unrivaled as it is the first in Saudi Arabia to study gene expression
signatures of HER2-positive breast cancer. Our study demonstrated
that HER2-positive tumors exhibited high incidence of c-MET,
PIK3CA, and c-KIT mutations than HER2-negative subtype. These
findings suggest the presence of high mutational burden in
HER2-positivepatients in Saudi population which could be impli-
cated in the resistance to trastuzumab. Therefore, targeting these
mutations would be a promising therapeutic strategy in the treat-
ment of HER2-positive patients. Nevertheless, the significance of
other gene mutations detected in this study justifies further and
deep analysis of the mutational profile of HER2-positive breast
cancers.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

The authors would like to thank the Institute of Scientific
Research and Revival of Islamic Heritage and Deanship of Scientific
Research at Umm Al-Qura University (Project No. 43509003) for
the financial support.

References

Alnegheimish, N.A.,, Alshatwi, RA., Alhefdhi, R.M., Arafah, M.M., AlRikabi, A.C,,
Husain, S., 2016. Molecular subtypes of breast carcinoma in Saudi Arabia A
retrospective study. Saudi Med. J. 37 (5), 506-512. https://doi.org/10.15537/
smj.2016.5.15000.

Algahtani, W.S., Almufareh, N.A., Domiaty, D.M., Albasher, G., Alduwish, M.A.,
Alkhalaf, H., Almuzzaini, B., Al-Marshidy, S.S., Alfraihi, R., Elasbali, A.M., Ahmed,
H.G., Almutlaq, B.A., 2020. Epidemiology of cancer in Saudi Arabia thru 2010-

1811

2019: A systematic review with constrained meta-analysis. AIMS Public Health
7 (3), 679-696. https://doi.org/10.3934/publichealth.2020053.

Al-Tamimi, D.M., Bernard, P.S., Shawarby, M.A., Al-Amri, A.M., Hadi, M.A., 2009.
Distribution of molecular breast cancer subtypes in middle eastern-saudi
arabian women: A pilot study. Ultrastruct. Pathol. 33 (4), 141-150. https://doi.
org/10.1080/01913120903183135.

Berns, K., Horlings, H.M., Hennessy, B.T., Madiredjo, M., Hijmans, E.M., Beelen, K.,
Linn, S.C, Gonzalez-Angulo, A.M., Stemke-Hale, K. Hauptmann, M.,
Beijersbergen, R.L, Mills, G.B., van de Vijver, M., Bernards, R., 2007. A
functional genetic approach identifies the PI3K pathway as a major
determinant of trastuzumab resistance in breast cancer. Cancer Cell 12 (4),
395-402. https://doi.org/10.1016/j.ccr.2007.08.030.

Colditz, G.A., Rosner, B., 2000. Cumulative risk of breast cancer to age 70 years
according to risk factor status: Data from the Nurses’ Health Study. Am. J.
Epidemiol. 152 (10), 950-964. https://doi.org/10.1093/aje/152.10.950.

Cronin, K.A., Harlan, L.C., Dodd, KW., Abrams, ].S., Ballard-Barbash, R., 2010.
Population-based estimate of the prevalence of HER-2 positive breast cancer
tumors for early stage patients in the US. Cancer Invest. 28 (9), 963-968.
https://doi.org/10.3109/07357907.2010.496759.

DeSantis, C.E., Ma, J., Gaudet, M.M., Newman, L.A., Miller, K.D., Goding Sauer, A.,
Jemal, A., & Siegel, R.L. (2019). Breast cancer statistics, 2019. CA: A Cancer J.
Clinicians, 69(6), 438-451. https://doi.org/10.3322/caac.21583.

El-Mouzan, M.I, Al-Salloum, A.A., Al-Herbish, A.S., Qurachi, M.M., Al-Omar, A.A.,
2007. Regional variations in the prevalence of consanguinity in Saudi Arabia.
Saudi Med. ]. 28 (12), 1881-1884.

Elston, C.W., Ellis, 1.0., 2002. Pathological prognostic factors in breast cancer. I. The
value of histological grade in breast cancer: Experience from a large study with
long-term follow-up. Histopathology 41 (3A), 154-161.

Freelander, A., Brown, L]., Parker, A, Segara, D., Portman, N, Lau, B., Lim, E., 2021.
Molecular Biomarkers for Contemporary Therapies in Hormone Receptor-
Positive ~ Breast Cancer. Genes 12  (2), 285. https://doi.org/
10.3390/genes12020285.

Goud, K.I, Kavitha, M., Mahalakshmi, A., Vempati, R., Alodhayani, A.A., Mohammed,
A.A., Khan, L.A. (2020). Molecular detection of Mycobacterium tuberculosis in
pulmonary and extrapulmonary samples in a hospital-based study. African
Health Sci. 20, 1617-1623.

Heinrich, M.C,, Corless, C.L., Demetri, G.D., Blanke, C.D., von Mehren, M., Joensuu, H.,
McGreevey, LS., Chen, C.-J., Van den Abbeele, A.D., Druker, BJ., Kiese, B.,
Eisenberg, B., Roberts, P.J., Singer, S., Fletcher, C.D.M., Silberman, S., Dimitrijevic,
S., Fletcher, J.A., 2003. Kinase mutations and imatinib response in patients with
metastatic gastrointestinal stromal tumor. J. Clin. Oncol.: Offic. ]. Am. Soc. Clin.
Oncol. 21 (23), 4342-4349. https://doi.org/10.1200/JC0.2003.04.190.

Karakas, B., Colak, D., Kaya, N., Ghebeh, H., Al-Qasem, A., Hendrayani, F., Toulimat,
M., Al-Tweigeri, T., Park, B.H., Aboussekhra, A., 2013. Prevalence of PIK3CA
mutations and the SNP rs17849079 in Arab breast cancer patients. Cancer Biol.
Ther. 14 (10), 888-896. https://doi.org/10.4161/cbt.25945.

Meijnen, P., Peterse, J.L., Antonini, N., Rutgers, EJ.T., van de Vijver, M.J., 2008.
Immunohistochemical categorisation of ductal carcinoma in situ of the breast.
Br. J. Cancer 98 (1), 137-142. https://doi.org/10.1038/sj.bjc.6604112.

Minuti, G., Cappuzzo, F., Duchnowska, R., Jassem, J., Fabi, A., O'Brien, T., Mendoza, A.
D., Landi, L., Biernat, W., Czartoryska-Artukowicz, B., Jankowski, T., Zuziak, D.,
Zok, J., Szostakiewicz, B., Foszczynska-Kloda, M., Tempifiska-Szatach, A., Rossi,
E., Varella-Garcia, M., 2012. Increased MET and HGF gene copy numbers are
associated with trastuzumab failure in HER2-positive metastatic breast cancer.
Br. J. Cancer 107 (5), 793-799. https://doi.org/10.1038/bjc.2012.335.

Perou, C.M,, Serlie, T., Eisen, M.B., van de Rijn, M., Jeffrey, S.S., Rees, C.A., Pollack, J.R.,
Ross, D.T., Johnsen, H., Akslen, L.A., Fluge, O., Pergamenschikov, A., Williams, C.,
Zhu, S.XX., Lenning, P.E., Berresen-Dale, A.L, Brown, P.O., Botstein, D., 2000.
Molecular portraits of human breast tumours. Nature 406 (6797), 747-752.
https://doi.org/10.1038/35021093.

Raghav, K.P., Wang, W., Liu, S., Chavez-MacGregor, M., Meng, X., Hortobagyi, G.N.,
Mills, G.B., Meric-Bernstam, F., Blumenschein, G.R., Gonzalez-Angulo, A.M.,
2012. CMET and phospho-cMET protein levels in breast cancers and survival
outcomes. Clin. Cancer Res.: Offic. ]. Am. Assoc. Cancer Res. 18 (8), 2269-2277.
https://doi.org/10.1158/1078-0432.CCR-11-2830.

Ross, J.S., Slodkowska, E.A., Symmans, W.F., Pusztai, L., Ravdin, P.M., Hortobagyi, G.
N., 2009. The HER-2 receptor and breast cancer: Ten years of targeted anti-HER-
2 therapy and personalized medicine. Oncologist 14 (4), 320-368. https://doi.
org/10.1634/theoncologist.2008-0230.


https://doi.org/10.15537/smj.2016.5.15000
https://doi.org/10.15537/smj.2016.5.15000
https://doi.org/10.3934/publichealth.2020053
https://doi.org/10.1080/01913120903183135
https://doi.org/10.1080/01913120903183135
https://doi.org/10.1016/j.ccr.2007.08.030
https://doi.org/10.1093/aje/152.10.950
https://doi.org/10.3109/07357907.2010.496759
http://refhub.elsevier.com/S1319-562X(21)00923-2/h0040
http://refhub.elsevier.com/S1319-562X(21)00923-2/h0040
http://refhub.elsevier.com/S1319-562X(21)00923-2/h0040
http://refhub.elsevier.com/S1319-562X(21)00923-2/h0045
http://refhub.elsevier.com/S1319-562X(21)00923-2/h0045
http://refhub.elsevier.com/S1319-562X(21)00923-2/h0045
https://doi.org/10.3390/genes12020285
https://doi.org/10.3390/genes12020285
https://doi.org/10.1200/JCO.2003.04.190
https://doi.org/10.4161/cbt.25945
https://doi.org/10.1038/sj.bjc.6604112
https://doi.org/10.1038/bjc.2012.335
https://doi.org/10.1038/35021093
https://doi.org/10.1158/1078-0432.CCR-11-2830
https://doi.org/10.1634/theoncologist.2008-0230
https://doi.org/10.1634/theoncologist.2008-0230

R. Nassir and G. Esheba

Rubin, 1., Yarden, Y., 2001. The basic biology of HER2. Ann. Oncol.: Offic. J. Eur. Soc.
Med. Oncol. 12 (Suppl 1), S3-S8. https://doi.org/10.1093/annonc/12.suppl_1.s3.

Slamon, D.J., Clark, G.M., Wong, S.G., Levin, W]., Ullrich, A., McGuire, W.L., 1987.
Human breast cancer: Correlation of relapse and survival with amplification of
the HER-2/neu oncogene. Science (New York, N.Y.) 235 (4785), 177-182.
https://doi.org/10.1126/science.3798106.

Soria, J.C., Blay, J.Y., Spano, ].P., Pivot, X., Coscas, Y., Khayat, D., 2011. Added value of
molecular targeted agents in oncology. Ann. Oncol.: Offic. J. Eur. Soc. Med.
Oncol. 22 (8), 1703-1716. https://doi.org/10.1093/annonc/mdq675.

Serlie, T., Perou, C.M., Tibshirani, R., Aas, T., Geisler, S., Johnsen, H., Hastie, T., Eisen,
M.B., van de Rijn, M., Jeffrey, S.S., Thorsen, T., Quist, H., Matese, ].C., Brown, P.O.,
Botstein, D., Lenning, P.E., Barresen-Dale, A.L., 2001. Gene expression patterns of
breast carcinomas distinguish tumor subclasses with clinical implications.
PNAS 98 (19), 10869-10874. https://doi.org/10.1073/pnas.191367098.

Sung, H., Ferlay, ]., Siegel, R.L., Laversanne, M., Soerjomataram, I., Jemal, A., Bray, F.,
2021. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 71 (3),
209-249. https://doi.org/10.3322/caac.v71.310.3322/caac.21660.

Thakur, P., Seam, R.K,, Gupta, M.K,, Gupta, M., Sharma, M., Fotedar, V., 2017. Breast
cancer risk factor evaluation in a Western Himalayan state: A case-control
study and comparison with the Western World. South Asian J. Cancer 6 (3),
106-109. https://doi.org/10.4103/sajc.sajc_157_16.

Thorpe, L.M., Yuzugullu, H., Zhao, J.J., 2015. PI3K in cancer: Divergent roles of
isoforms, modes of activation and therapeutic targeting. Nat. Rev. Cancer 15 (1),
7-24. https://doi.org/10.1038/nrc3860.

Saudi Journal of Biological Sciences 29 (2022) 1808-1812

Wolff, A.C., Hammond, M.E.H., Allison, K.H., Harvey, B.E., Mangu, P.B., Bartlett, ].M.S.,
Bilous, M., Ellis, 1.0., Fitzgibbons, P., Hanna, W., Jenkins, R.B., Press, M.F., Spears,
P.A., Vance, G.H., Viale, G., McShane, L.M., Dowsett, M., 2018. Human Epidermal
Growth Factor Receptor 2 Testing in Breast Cancer: American Society of Clinical
Oncology/College of American Pathologists Clinical Practice Guideline Focused
Update. ]. Clin. Oncol.: Offic. J. Am. Soc. Clin. Oncol. 36 (20), 2105-2122. https://
doi.org/10.1200/]C0.2018.77.8738.

Zardavas, D., te Marvelde, L., Milne, R.L., Fumagalli, D., Fountzilas, G., Kotoula, V.,
Razis, E., Papaxoinis, G., Joensuu, H., Moynahan, M.E., Hennessy, B.T., Bieche, L,
Saal, LH., Stal, O., lacopetta, B., Jensen, ]J.D., O'Toole, S., Lopez-Knowles, E.,
Barbaraeschi, M., Noguchi, S., Azim, H.A., Lerma, E., Bachelot, T., Wang, Q., Perez-
Tenorio, G., can de Velde, C.J.H., Rea, D.W., Sabine, V., Bartlett, ].M.S., Sotiriou, C.,
Michiels, S., Loi, S., 2018. Tumor PIK3CA Genotype and Prognosis in Early-Stage
Breast Cancer: A Pooled Analysis of Individual Patient Data. J. Clin. Oncol.: Offic.
J. Am. Soc. Clin. Oncol. 36 (10), 981-990. https://doi.org/10.1200/
JC0.2017.74.8301.

Zekri, J., Saadeddin, A., Alharbi, H., 2021. Frequency and clinical characteristics of
HER2 over-expressed breast cancer in Saudi Arabia: A retrospective study. BMC
Women’s Health 21 (1), 10. https://doi.org/10.1186/s12905-020-01159-3.

Zhao, B., Zhao, Y., Sun, Y., Niu, H., Sheng, L., Huang, D., Li, L., 2018. Alterations in
mRNA profiles of trastuzumab-resistant Her-2-positive breast cancer. Mol.
Med. Rep. 18 (1), 139-146. https://doi.org/10.3892/mmr.2018.8981.

1812


https://doi.org/10.1093/annonc/12.suppl_1.s3
https://doi.org/10.1126/science.3798106
https://doi.org/10.1093/annonc/mdq675
https://doi.org/10.1073/pnas.191367098
https://doi.org/10.3322/caac.v71.310.3322/caac.21660
https://doi.org/10.4103/sajc.sajc_157_16
https://doi.org/10.1038/nrc3860
https://doi.org/10.1200/JCO.2018.77.8738
https://doi.org/10.1200/JCO.2018.77.8738
https://doi.org/10.1200/JCO.2017.74.8301
https://doi.org/10.1200/JCO.2017.74.8301
https://doi.org/10.1186/s12905-020-01159-3
https://doi.org/10.3892/mmr.2018.8981

	Implementation of Next-Generation Sequencing in Saudi Arabia �for HER2-Positive Breast Cancer 
	1 Introduction
	2 Materials and methods
	2.1 Participants in thisstudy
	2.2 Immunohistochemistry and scoring &
	2.3 DNA extraction
	2.4 Identifying the genetic variations using Next-Generation Sequencing (NGS)
	2.5 Statistical analysis

	3 Results
	3.1 Clinical and pathological features
	3.2 Correlation between HER2 positive status and the clinicopathological variables
	3.3 Frequency of gene mutations

	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	Acknowledgements
	References


