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Abstract
Lung cancer remains one of the most common malignancies. It is usually categorized 
into two types: small-cell lung cancer and non-small-cell lung cancer (NSCLC). Among 
the types of NSCLC, adenocarcinoma is the most common and is more prevalent in 
women than in men. The current study aims to identify KRAS mutations in a population 
with metastatic lung cancer. Moreover, the clinical significance of the KRAS mutations 
was also explored. For this purpose, KRAS status was evaluated by polymerase chain 
reaction and reverse hybridization. According to the molecular results, mutations 
were observed at codons 12, 13, 59, 61, 117, and 146. Interestingly, the number of 
patients with stage II disease was significantly higher, indicating that the type of 
KRAS alteration may be associated with early disease spread. Thus, these mutations 
were associated with poor responses to cetuximab and panitumumab, underscoring 
the important role of KRAS profiling in strategizing treatment modifications. We can 
also conclude that molecular diagnostics plays its role in everyday clinical practice 
by complementing precision oncology and improving the outlook for patients with 
NSCLC.
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1. Introduction
Lung cancer, being the most common and deadliest cancer worldwide, affects millions 
of people every year. It is commonly classified into two major types: small-cell lung 
cancer (SCLC) and non-small-cell lung cancer (NSCLC), with the latter having more 
varied biological characteristics, treatment types, and clinical patterns. NSCLC is the 
most prevalent lung cancer, representing about 85%, and is treated with a combination 
of surgery and the most advanced targeted therapy.1 In contrast, SCLC responds more 
rapidly to chemotherapy, yielding immediate results.2 Even though studies on cancer 
and its treatment are ongoing, lung cancer remains a serious issue that needs urgent and 
concentrated efforts to avert further deterioration.3 NSCLC has three histologic types: 
adenocarcinoma, squamous cell carcinoma, and large cell carcinoma.2 In non-smokers, 
the most common NSCLC subtype is adenocarcinoma. It is most common in women, 
indicating the role of genetics and environment in the development of the disease.4 On 
the other hand, SCLC (about 15%) is the most aggressive form, with the fastest growth 
rate and the most widespread metastases.
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KRAS is a gene that encodes a GTPase, a protein 
that regulates the balance of cellular signaling pathways 
necessary for cell division and differentiation. KRAS is an 
oncogene, but its role in cancer is not as obvious as that of 
other genes, and its effects are slow, eventually promoting 
cancer cell growth. In colorectal cancer, about 40% of 
the patient population has a KRAS mutation, leading to 
the promotion of the cancer cell.5 KRAS mutations also 
cause resistance to epidermal growth factor receptor 
(EGFR) inhibitors, such as cetuximab and panitumumab.6 
Interestingly, this situation has recently improved with 
the development of mutation-specific medications (such 
as sotorasib and adagrasib), providing patients with new 
treatment options.7 In addition, activated Kirsten rat 
sarcoma viral oncogene homolog (KRAS) facilitates the 
creation of a tumor microenvironment that supports tumor 
growth by promoting the production of fibrous tissue 
and immunosuppressive cells, such as myeloid-derived 
suppressor cells.8 These are some of the pathways through 
which KRAS mutations alter the tumor microenvironment, 
increasing its diversity and thereby affecting disease 
progression.

Because KRAS alterations increase programmed death-
ligand 1 (PD-L1) expression by sustaining extracellular 
signal-regulated kinase (ERK) phosphorylation, 
immunotherapy has become a promising strategy for 
KRAS-mutated NSCLC. High levels of PD-L1 promote the 
depletion of CD3+ T cells, an effect that can be reversed 
by inhibitors of programmed cell death protein 1 (PD-
1)/PD-L1 or by drugs targeting ERK. This provides the 
rationale for PD-1 inhibition’s ability to restore T-cell–
mediated antitumor immunity in KRAS mutation-
driven NSCLC.9 This tumor type tends to harbor a 
significant mutational burden because it is often linked to 
exposure to tobacco.10 Further evidence for the benefit of 
immunotherapy comes from a meta-analysis of six studies, 
showing that adding immunotherapy to chemotherapy 
results in a marked improvement in overall survival.

Because KRAS G12C-specific inhibitors are being 
rapidly developed and our understanding of the 
molecular pathways driving KRAS-related lung cancer is 
increasing, KRAS has emerged as a therapeutic target in 
NSCLC. Sotorasib and adagrasib, KRAS G12C inhibitors, 
demonstrated significant clinical efficacy and tolerability 
in previously treated patients with advanced KRAS 
G12C-mutated disease, establishing them as second-line 
standards of care. However, through several mechanisms, 
such as direct modifications of KRAS, activation of 
alternative pathways, and morphological changes, 
resistance to these drugs undermines the durability of 
response when these treatments are given in isolation. 

Novel inhibitors and combination therapies are now being 
explored to overcome this resistance and extend treatment 
to additional KRAS mutant subtypes. Future treatments 
will be based on personalized strategies, given the 
significant biological heterogeneity of the disease driven 
by KRAS mutations. Novel approaches, such as oncolytic 
vaccines and adoptive T-cell treatments, also hold promise 
for improving the therapeutic landscape.11 Data regarding 
KRAS mutation patterns in lung cancer patients from Iraq 
remain limited. Therefore, investigating these mutations in 
the Iraqi population may help elucidate regional molecular 
profiles and support the implementation of precision 
oncology strategies in local clinical settings. 

This work investigates the frequency and molecular 
characteristics of KRAS mutations in lung cancer, 
highlighting their clinical role and impact on therapeutic 
outcome. By testing mutations within critical codons, 
namely 12, 13, 59, 61, 117, and 146, this study aims to 
deeply investigate how these mutations contribute to 
resistance to therapy (particularly anti-EGFR drugs). 
This study highlights the need for molecular diagnosis to 
support tailored therapeutic strategies and improve clinical 
management in NSCLC.

2. Materials and methods 
2.1. Sample collection

Thirty formalin-fixed, paraffin-embedded (FFPE) tissue 
samples were collected from 30 patients with NSCLC, 
including both males and females, who were treated at the 
Baghdad Medical City and Al-Yarmouk Teaching Hospital 
in Iraq. Then, they underwent molecular investigation to 
detect KRAS mutations using polymerase chain reaction 
(PCR) followed by reverse hybridization.

2.2. Molecular study

2.2.1. DNA extraction kit

In this work, DNA from FFPE tissues was extracted using 
a FavorPrep Tissue Genomic DNA Extraction Mini Kit 
(Favorgen, Taiwan). The contents of the extraction kit are 
presented in Table 1.

2.2.2. DNA extraction reagents

The DNA extraction reagents included:

•	 Xylene: Xylene was used for the deparaffinization 
of FFPE tissue samples. For each sample, 500 µL 
of xylene was added to 25 mg of tissue in a 1.5 mL 
microcentrifuge tube.

•	 Beta-mercaptoethanol (β-ME): β-ME was used 
during the extraction process as a reducing agent to 
facilitate nucleic acid purification.12 Approximately 
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200 µL of β-ME was added to 25 mg of tissue in a 1.5 
mL microcentrifuge tube.

Table 1. Contents of the DNA extraction kit (from paraffin-
embedded tissue)

Components K-3032 (100 reactions)

FATG1 buffer 30 mL

FATG2 buffer 30 mL

Wl buffer 44 mL

Wash buffer 20 mL

Elution buffer 30 mL

Proteinase K 11 mg (×2)

Collection tube 200 pcs

Elution tube 100 pcs

FATG mini column 100 pcs

Micropestle 100 pcs

2.2.3. DNA extraction

In general, FFPE tissues are widely used for long-term 
preservation of clinical samples and enable correlation 
of genetic alterations with disease pathology.13 However, 
formalin fixation can cause protein–DNA and DNA–
DNA cross-linking, which may reduce DNA quality for 
downstream molecular analyses.14

Genomic DNA was extracted from FFPE tissues 
using the FavorPrep Tissue Genomic DNA Extraction 
Kit according to the manufacturer’s protocol. Briefly, 25 
mg of tissue was deparaffinized with xylene, followed by 
ethanol washing. The samples were then lysed with FATG1 
buffer and Proteinase K, followed by incubation to ensure 
complete digestion. After lysis, FATG2 buffer and ethanol 
were added; then, the mixture was transferred to a FATG 
mini column for purification. The column was washed 
using W1 and Wash buffers, and purified DNA was eluted 
with 50 µL of elution buffer or nuclease-free water. The 
extracted DNA was stored at 4 °C for immediate use or at 
−20 °C for long-term storage. 

2.2.4. DNA quantification 

It is not possible to use UV spectrophotometry to quantify 
the amount of DNA present in FFPE tissue samples because 
the amount of DNA is overestimated when it is measured 

at 260 nm. In this study, the Invitrogen Qubit method was 
used to quantify the DNA content in FFPE tissue samples 
through a fluorometer (Qubit 4, Thermo Fisher Scientific, 
US).

2.2.5. Polymerase chain reaction

Following DNA quantification, PCR was performed to 
detect KRAS mutations. The PCR reaction mixture (15 
µL total volume) consisted of Taq DNA polymerase, DNA 
template, and PCR buffer. Taq DNA polymerase was diluted 
using Taq dilution buffer to a final concentration of 0.2 U/
µL before use. The prepared reaction mixtures were loaded 
into a thermocycler (Veriti 96-Well, Applied Biosystems, 
USA), and amplification was carried out under the thermal 
cycling conditions described in Table 2.

2.2.6. Hybridization of amplification 

Hybridization of PCR products was performed using 
a reverse-hybridization strip assay (KRAS StripAssay®, 
ViennaLab Diagnostics GmbH, Austria) according to the 
manufacturer’s instructions:

•	 Step 1: Sample preparation
Ten microliters (10 µL) of DNAT was added to each 
lane of the typing tray, followed by 10 µL of the 
PCR amplification product. The mixture was gently 
pipetted to ensure proper mixing.

•	 Step 2: Hybridization and incubation
One milliliter (1 mL) of hybridization buffer preheated 
to 45 °C was added to each lane, and the corresponding 
test strip was inserted. Hybridization was carried out 
in a shaking water bath at 45 ± 1 °C for 30 min.

•	 Step 3: Post-hybridization
After incubation, the hybridization solution was 
removed, an.d the test strips were immediately 
processed for subsequent washing and detection.

2.2.7. Stringent wash 

Following hybridization, a series of washes was conducted 
to remove nonspecifically bound materials:

(i)	 Each lane was washed with 1 mL of Wash Solution 
A preheated to 45 °C for 10 s, and the solution was 
removed.

(ii)	 A fresh 1 mL aliquot of Wash Solution A (at 45 °C) 
was added to each lane.

(iii)	Samples were incubated in a shaking water bath at 45 
°C for 15 min, after which the solution was removed.

(iv)	 1 mL of prewarmed Wash Solution A (45 °C) was 
added again.

(v)	 Samples were incubated for an additional 15 min at 45 
°C, and the washing solution was removed to complete 
the washing process.
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2.2.8. Color development

For color development, 1 mL of Conjugate Solution was 
added to each lane, and the mixture was incubated at room 
temperature for 15 min. The strips were then rinsed with 
1 mL of Wash Solution B for 10 s, followed by two washes 
with 1 mL of Wash Solution B, each with 5 min incubation 
at room temperature.

Subsequently, 1 mL of Color Developer was added, and 
the mixture was incubated at room temperature in the dark 
for 15 min. A positive reaction appeared as a purple stain 
on the test strips. After color development, the strips were 
washed with distilled water and dried. Figure A1 shows the 
test strip design and representative patient test strip results.

2.2.9. Quality control and assay validation

KRAS mutations were detected using a commercially 
available reverse-hybridization strip assay that identifies 
hotspot mutations at codons 12, 13, 59, 61, 117, and 146. 
The assay includes built-in controls to ensure it has worked 
and that the result is accurately represented. Positive 
controls ensure that amplification and hybridization were 
successful, while negative controls ensure that there is no 
contamination. Although no confirmation was obtained by 
sequencing (either Sanger or next-generation), this assay 
is useful for detecting mutations in FFPE samples and is 
highly analytically sensitive for detecting mutant alleles.

2.3. Statistical analysis 

The study was designed as a descriptive molecular analysis. 
Therefore, results were summarized as frequencies and 
percentages using SPSS (Version 27.0, IBM Corp, USA). 
Inferential statistical tests, such as the chi-square or 
Fisher’s exact test, were not performed because the cohort 
consisted of only KRAS mutation-positive patients, and the 
sample size was insufficient for meaningful comparative 

analysis.

3. Results and discussion
3.1. Clinical characteristics

3.1.1. Age distribution

In the present study, NSCLC was diagnosed in patients 
aged 30 to 85 years, indicating that the disease is more 
common among middle-aged and older persons. These 
patients were categorized into age groups, with their 
distribution summarized in Table 3. 

Table 3. Age distribution of non-small-cell lung cancer 
patients

Age group (years) Number of patients

30–39 6

40–49 4

50–59 9

60–69 2

70–79 6

80–89 3

These findings indicate that NSCLC occurs mostly 
in the age range of 50 to 70 years, aligning with the 
epidemiological evidence of higher chances of developing 
NSCLC within this age range. Many studies have 
established that the incidence of NSCLC rises dramatically 
after age 50 and continues to increase with age.15 Of late, 

Table 2. Thermal profile of KRAS gene expression

Cycle step Temperature (°C) Time (min) Cycles no.

Initial denaturation 94 2 1

Denaturation 94 1 1

Primer annealing 70 0.83

-
30 Elongation 56 0.83

Extension 60 1

Final extension 60 3 1
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there have been reports of a trend toward early-onset 
NSCLC (diagnosed before age 50), potentially due to 
genetic susceptibility, lifestyle factors, and environmental 
exposures.16

3.1.2. Interpretation of results

The genotype for each sample was determined using the 
Collector™ sheet. The processed Teststrip was placed in a 
specified region on the Teststrip Design and meticulously 
aligned using the red line at the top and the green line 
at the bottom as references. The strip was subsequently 
affixed with adhesive tape.17

The appearance of a positive signal on the top control 
line verifies the correct performance of both the conjugate 
solution and the color developer and should always be 
present. A positive result of the PCR positive control 
confirms that the PCR reagents and DNA template were of 
sufficient quality to detect KRAS mutations. If this control 
showed a negative result, the procedure was repeated 
from the beginning, starting with DNA extraction. On the 
other hand, a negative result of the PCR negative control 
indicates that the amplification of wild-type KRAS codons 
(12/13, 59/60/61, 117, and 146) was effectively suppressed. 
A positive result in this control may be due to an overly 
concentrated DNA template in the PCR reaction.18

3.1.3. Distribution of lung cancer patients according 
to disease stages

Table 4 shows that lung cancer patients were diagnosed as 
stage II (61%) in a majority of cases. In this cohort, the 
breakdown was 30% for stage IIA, 33% for stage IIB, and 
20% for stage IIC. As expected, the prevalence of stage 
III disease was lower (17% of patients), but there was 
considerable heterogeneity in the subtypes. These findings 
align with previous studies, highlighting the role of cancer 
staging in understanding disease progression and clinical 
prognosis.19,20

3.2. KRAS mutation detection 

This study included 30 patients with lung cancer with a 
KRAS mutation (Table 5). 

The distribution of KRAS mutations across hotspot 
codons showed that the most frequent alterations occurred 
in codons 60/61(50%), followed by codon 12 (36.7%). In 
contrast, mutations at codons 13, 59, and 117/146 were less 
common.

KRAS mutations are important markers for lung cancer, 
influencing treatment strategies, especially in predicting 
resistance to EGFR-targeted therapies. A lot of emphasis 
has been placed on codons 12, 13, 59, 60, 61, 117, and 146 
to ascertain the frequency and clinical importance of their 
mutations.21-24

Mutations at codon 12 are one of the most common 
genetic alterations in KRAS-driven lung cancers. The 
current study also reported various point mutations and 
insertions/deletions that took place at this locus, including 
c.35G > C, c.34G > C, c.35G > A, c.34G > T, c.35G > 
T, and complex variants such as c.34_35delGGinsAT 
and c.34_35delGGinsCT. Amino acid alterations 
due to these genetic changes include a wide range of 
missense substitutions, often glycine replaced by valine, 
aspartate, cysteine, or serine, resulting from changes 
in the nucleotide sequence; this constitutively activates 
the KRAS protein.25-27 In this case, the protein becomes 
resistant to GTPase-activating proteins (GAPs) because 
it remains permanently active. The continuous signaling 
persists through the activation of downstream pathways 
that support proliferation and survival, promoting tumor 
development. In a clinical context, codon 12 mutations 
are associated with poor patient prognosis, increased 
propensity for metastasis, and reduced responses to EGFR-
targeted therapy.

The second important spot for KRAS mutations occurs 

Table 4. Distribution of the study sample based on disease stages

TNM stages Staging No. of patients

IIA T2N0 9 (30%)

IIB T2N1 10 (33%)

IIC T3N2 6 (20%)

III T3N3 5 (17%)

Abbreviation: TNM: Tumor, node, and metastasis.
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at codon 13, where mutations include c.38G > C, c.37G > 
C, c.38G > A, c.38G > T, c.37G > A, and c.37G > T. Of all 
the mutations at this codon, the most studied is the c.38G 
> A mutation, which changes the amino acid from glycine 
to aspartate (i.e., G13D).28 As with mutations at codon 12, 
mutations at codon 13 also activate KRAS by inhibiting 
GTP hydrolysis, thereby maintaining KRAS in the active 
GTP-bound form. Although it has been suggested that 
patients with the G13D mutation may have a slightly 
better response to anti-EGFR therapy compared to those 
with mutations at codon 12, this has not been conclusively 
determined. Interestingly, mutations at codon 13 are 
associated with a milder clinical outcome than those at 
codon 12, despite both being resistant to EGFR-targeted 
therapy.20

Regarding mutations at codon 59, mutations such as 
c.176C > A, c.176C > G, and c.175G > A have been noted. 
These mutations alter the normal functioning of KRAS. 
Although it is less common than mutations at codons 12 
and 13, mutations at codon 59 increase GTP affinity and 
reduce GTPase activity. As a result, it continuously activates 
oncogenic pathways such as mitogen-activated protein 
kinase (MAPK) and phosphoinositide 3-kinase (PI3K)–
AKT pathways.29 For example, for patient 15, mutations 
at codons 60 and 61, including c.179G > T, c.182A > G, 
c.183A > C, c.183A > T, and c.182A > T, occurred at exon 
3, which is crucial for the intrinsic GTPase activity of 
KRAS. Among all mutations at codon 61, Q61H, Q61L, 
and Q61R have been noted to dramatically inhibit GTP 

hydrolysis, thereby maintaining KRAS in the active form.30 
Furthermore, mutations at codon 61 have been observed 
in many cancers and are associated with a high propensity 
for transformation. These mutations have a remarkable 
impact on tumor development and are often associated 
with poor responses to traditional targeted therapies.

For cancers driven by KRAS, codons 117 and 146 are 
new non-hotspot positions with significant functional 
implications. For patient 1, the following mutations 
affecting these positions were observed: c.351A > C, 
c.351A > T, c.349A > G, c.436G > C, c.436G > A, and 
c.437C > T. The presence of these mutations, particularly 
those at codon 146 (e.g., A146T), is recognized in the 
literature as activating the KRAS gene by accelerating 
nucleotide exchange. These are rare occurrences; however, 
the literature now recognizes these as factors for the 
development of resistance to therapy. The presence of these 
mutations may also be a criterion for exclusion from EGFR 
therapy protocols for these patients.30

4. Conclusion
Screening for mutations at codons 12, 13, 59, 61, 117, 
and 146 in this study revealed a very high rate of KRAS 
mutations among patients with metastatic lung cancer. 
This fact reinforces the gene’s key involvement in driving 
tumor growth and metastatic spread. Our results further 
support the need to incorporate molecular diagnostics into 
clinical evaluation and therapeutic decision-making. PCR 

Table 5. Distribution of KRAS mutations in the studied patients

No. of patients Codon Mutation Mutation detected Percentage (%)

11 12
c.35G > C, c.34G > C, c.35G > A, c.34G > T, 
c.34_35delGGinsAT, c.34_35delGGinsCT, c.34G > A, 
c.35G > T

+ 36.7

1 13 c.38G > C, c.37G > C, c.38G > A, c.37G > T, c.37G > A, 
c.38G > T + 3.3

2 59 c. 176C > A, c. 176C > G, c.175G > A + 6.7

15 60 and 61 c. 179G > T, c. 182A > G, c. 183A > C, c.183A > T, c. 182A 
> T, c. 181C > A + 50.0

1 117 and 146 с.351А > С, с.351A > T, c.349A > G, c.436G > C, c.436G 
> A, c.437C > T + 3.3
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combined with reverse hybridization has proved highly 
effective for identifying KRAS mutations, underscoring 
the need to incorporate molecular diagnostics into routine 
clinical practice for personalized therapy. Most patients 
in the present study were diagnosed as stage II; therefore, 
there is a possibility that more cases of KRAS mutations are 
present or detectable in an advanced stage of lung cancer. 
Pre-treatment mutation screening is necessary, as KRAS 
mutations reduce the effectiveness of anti-EGFR therapies, 
such as cetuximab and panitumumab. An individualized, 
genetic-profiling-based approach is necessary to achieve 
better clinical outcomes and avoid exposure to inefficient 
therapy. The growing importance of genetic analytical tools 
worldwide further justifies this trend. Genetic profiling 
will become routine in clinical management as precision 
oncology is rapidly evolving to optimize treatment and 
manage complexity in NSCLC. 

Acknowledgments 
The author would like to thank Al-Nahrain University for 
its support of this work. 

Funding 
None. 

Conflict of interest
The author declares no conflict of interest. 

Author contributions
This is a single-authored article. 

Ethics approval and consent to participate
This study is approved by Al-Nahrain University (approval 
no: 162/5/7) on March 2, 2025. Patients provided written 
informed consent prior to their participation in this study.

Consent for publication
Patients gave consent for the publication of their 
anonymized data.

Availability of data
The data are available from the corresponding author upon 
reasonable request.

References
1.	 Puig de la Bellacasa R, Karachaliou N, Estrada-Tejedor 

R, Teixidó J, Costa C, Borrell JI. ALK and ROS1 as a joint 
target for the treatment of lung cancer: A review. Transl Lung 
Cancer Res. 2013;2(2):72-86. 

	 doi: 10.3978/j.issn.2218-6751.2013.03.11

2.	 Cheng X, Liu J, Hu Q, Gao Y, Zhou L. A novel secondary 
ALK gene mutation which resistant to second-generation 
TKIs: a case report and literature review.  Front Oncol. 
2024;14:1430350. 

	 doi: 10.3389/fonc.2024.1430350

3.	 Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA 
Cancer J Clin. 2012;62(1):10-29. 

	 doi: 10.3322/caac.20138

4.	 Patel SA, Weiss J. Advances in the treatment of non-
small cell lung cancer: Immunotherapy.  Clin Chest Med. 
2020;41(2):237-247. 

	 doi: 10.1016/j.ccm.2020.02.010

5.	 Zhu G, Pei L, Xia H, Tang Q, Bi F. Role of oncogenic KRAS 
in the prognosis, diagnosis and treatment of colorectal 
cancer. Mol Cancer. 2021;20(1):143. 

	 doi: 10.1186/s12943-021-01441-4

6.	 Siddiqui AD, Piperdi B. KRAS mutation in colon cancer: 
a marker of resistance to EGFR-I therapy. Ann Surg Oncol. 
2010;17(4):1168-1176. 

	 doi: 10.1245/s10434-009-0811-z

7.	 Zhang Y, Wang Y, Zhang B, Li P, Zhao Y. Methods and 
biomarkers for early detection, prediction, and diagnosis of 
colorectal cancer. Biomed Pharmacother. 2023;163:114786. 

	 doi: 10.1016/j.biopha.2023.114786

8.	 Tsantoulis P, Hong Y, Wirapati P, et al. A single-sample gene-
expression classifier for the intrinsic consensus molecular 
subtypes (iCMS) of colorectal cancer.  J Clin Oncol. 
2024;42(16_suppl):e15587. 

	 doi: 10.1200/JCO.2024.42.16_suppl.e15587

9.	 Prior IA, Hood FE, Hartley JL. The frequency of Ras 
mutations in cancer. Cancer Res. 2020;80(14):2969-2974. 

	 doi: 10.1158/0008-5472.CAN-19-3682

10.	 Bungaro M, Novello S, Passiglia F. Targeting KRASp.G12C 
mutation in advanced non-small cell lung cancer: A new 
era has begun. Curr Treat Options Oncol. 2022;23(12):1699-
1720. 

	 doi: 10.1007/s11864-022-01033-4

11.	 Chen N, Fang W, Lin Z, et al. KRAS mutation-induced 
upregulation of PD-L1 mediates immune escape in human 
lung adenocarcinoma.  Cancer Immunol Immunother. 
2017;66(9):1175-1187. 

	 doi: 10.1007/s00262-017-2005-z

12.	 Sarnecka AK, Nawrat D, Piwowar M, Ligęza J, Swadźba 
J, Wójcik P. DNA extraction from FFPE tissue samples 
- a comparison of three procedures.  Contemp Oncol. 
2019;23(1):52-58. 

	 doi: 10.5114/wo.2019.83875

https://doi.org/10.36922/CP025330051
https://doi.org/10.3978/j.issn.2218-6751.2013.03.11
https://doi.org/10.3978/j.issn.2218-6751.2013.03.11
https://doi.org/10.3389/fonc.2024.1430350
https://doi.org/10.3389/fonc.2024.1430350
https://doi.org/10.3322/caac.20138
https://doi.org/10.3322/caac.20138
https://doi.org/10.1016/j.ccm.2020.02.010
https://doi.org/10.1016/j.ccm.2020.02.010
https://doi.org/10.1186/s12943-021-01441-4
https://doi.org/10.1186/s12943-021-01441-4
https://doi.org/10.1245/s10434-009-0811-z
https://doi.org/10.1245/s10434-009-0811-z
https://doi.org/10.1016/j.biopha.2023.114786
https://doi.org/10.1016/j.biopha.2023.114786
https://doi.org/10.1200/JCO.2024.42.16_suppl.e15587
https://doi.org/10.1200/JCO.2024.42.16_suppl.e15587
https://doi.org/10.1158/0008-5472.CAN-19-3682
https://doi.org/10.1158/0008-5472.CAN-19-3682
https://doi.org/10.1007/s11864-022-01033-4
https://doi.org/10.1007/s11864-022-01033-4
https://doi.org/10.1007/s00262-017-2005-z
https://doi.org/10.1007/s00262-017-2005-z
https://doi.org/10.5114/wo.2019.83875
https://doi.org/10.5114/wo.2019.83875


Cancer PlusCancer Plus KRAS mutations in NSCL cancer of Iraqi patients

Volume 8 Issue 1 (2026)	 8� doi: 10.36922/CP025330051

13.	 Singh H, Narayan B, Urs AB, Kumar Polipalli S, Kumar S. 
A novel approach for extracting DNA from formalin-fixed 
paraffin-embedded tissue using microwave.  Med J Armed 
Forces India. 2020;76(3):307-311. 

	 doi: 10.1016/j.mjafi.2019.02.007

14.	 Lam SY, Ioannou A, Konstanti P, et al. Technical 
challenges regarding the use of formalin-fixed paraffin 
embedded (FFPE) tissue specimens for the detection of 
bacterial alterations in colorectal cancer.  BMC Microbiol. 
2021;21(1):297. 

	 doi: 10.1186/s12866-021-02359-z

15.	 Siegel RL, Miller KD, Goding Sauer A, et al. Colorectal 
cancer statistics, 2020.  CA Cancer J Clin. 2020;70(3):145-
164. 

	 doi: 10.3322/caac.21601

16.	 Akimoto N, Ugai T, Zhong R, et al. Rising incidence of 
early-onset colorectal cancer — a call to action. Nat Rev Clin 
Oncol. 2020;18(4):230-243. 

	 doi: 10.1038/s41571-020-00445-1

17.	 Araghi M, Soerjomataram I, Bardot A, et al. Changes in 
colorectal cancer incidence in seven high-income countries: 
a population-based study.  Lancet Gastroenterol Hepatol. 
2019;4(7):511-518. 

	 doi: 10.1016/s2468-1253(19)30147-5

18.	 Huang JF, Zeng DZ, Duan GJ, et al. Single-tubed wild-type 
blocking quantitative PCR detection assay for the sensitive 
detection of codon 12 and 13 KRAS mutations. PLoS One. 
2015;10(12):e0145698. 

	 doi: 10.1371/journal.pone.0145698

19.	 Amado RG, Wolf M, Peeters M, et al. Wild-type KRAS 
is required for panitumumab efficacy in patients with 
metastatic colorectal cancer. J Clin Oncol. 2008;26(10):1626-
1634. 

	 doi: 10.1200/JCO.2007.14.7116

20.	 Smith G, Bounds R, Wolf H, Steele RJC, Carey FA, Wolf CR. 
Activating K-Ras mutations outwith ‘hotspot’ codons in 
sporadic colorectal tumours – implications for personalised 
cancer medicine. Br J Cancer. 2010;102(4):693-703. 

	 doi: 10.1038/sj.bjc.6605534

21.	 Kavgaci G, Akiva I, Ozon YH, et al. Evaluation of KRAS 
and NRAS mutations in metastatic colorectal cancer: 
An 8-year study of 10754 patients in Turkey.  Mol Oncol. 
2025;19(10):2967-2977. 

	 doi: 10.1002/1878-0261.70042

22.	 Naseri M, Sebzari A, Haghighi F, Hajipoor F, Emadian 
Razavi F. Frequency of K-RAS and N-RAS gene mutations 
in colorectal cancers in Southeastern Iran.  Asian Pac J 
Cancer Prev. 2016;17(9):4511-4515.

23.	 Takeda M, Yoshida S, Inoue T, et al. The role of KRAS 
mutations in colorectal cancer: biological insights, clinical 
implications, and future therapeutic perspectives.  Cancers. 
2025;17(3):428. 

	 doi: 10.3390/cancers17030428

24.	 Yang Q, Huo S, Sui Y, et al. Mutation Status and 
Immunohistochemical Correlation of KRAS, NRAS, and 
BRAF in 260 Chinese Colorectal and Gastric Cancers. Front 
Oncol. 2018;8:487. 

	 doi: 10.3389/fonc.2018.00487

25.	 Persikov AV, Pillitteri RJ, Amin P, Schwarze U, Byers PH, 
Brodsky B. Stability related bias in residues replacing glycines 
within the collagen triple helix (Gly-Xaa-Yaa) in inherited 
connective tissue disorders.  Hum Mutat. 2004;24(4):330-
337. 

	 doi: 10.1002/humu.20091

26.	 Mondal K, Posa MK, Shenoy RP, Roychoudhury S. KRAS 
mutation subtypes and their association with other driver 
mutations in oncogenic pathways. Cells. 2024;13(14):1221. 

	 doi: 10.3390/cells13141221

27.	 Nuytinck L, Tükel T, Kayserili H, Yüksel Apak M, De Paepe 
A. Glycine to tryptophan substitution in type I collagen in a 
patient with OI type III: A unique collagen mutation. J Med 
Genet. 2000;37(5):371-375. 

	 doi: 10.1136/jmg.37.5.371

28.	 Hasbullah HH, Sulong S, Che Jalil NA, Abdul Aziz AA, 
Musa N, Musa M. KRAS mutational profiles among 
colorectal cancer patients in the East Coast of Peninsular 
Malaysia. Diagnostics. 2023;13(5):822. 

	 doi: 10.3390/diagnostics13050822

29.	 Janakiraman M, Vakiani E, Zeng Z, et al. Genomic and 
biological characterization of exon 4 KRAS mutations in 
human cancer. Cancer Res. 2010;70(14):5901-5911. 

	 doi: 10.1158/0008-5472.CAN-10-0192

30.	 Edkins S, O’Meara S, Parker A, et al. Recurrent KRAS codon 
146 mutations in human colorectal cancer. Cancer Biol Ther. 
2006;5(8):928-932. 

	 doi: 10.4161/cbt.5.8.3251

https://doi.org/10.36922/CP025330051
https://doi.org/10.1016/j.mjafi.2019.02.007
https://doi.org/10.1016/j.mjafi.2019.02.007
https://doi.org/10.1186/s12866-021-02359-z
https://doi.org/10.1186/s12866-021-02359-z
https://doi.org/10.3322/caac.21601
https://doi.org/10.3322/caac.21601
https://doi.org/10.1038/s41571-020-00445-1
https://doi.org/10.1038/s41571-020-00445-1
https://doi.org/10.1016/s2468-1253(19)30147-5
https://doi.org/10.1016/s2468-1253(19)30147-5
https://doi.org/10.1371/journal.pone.0145698
https://doi.org/10.1371/journal.pone.0145698
https://doi.org/10.1200/JCO.2007.14.7116
https://doi.org/10.1200/JCO.2007.14.7116
https://doi.org/10.1038/sj.bjc.6605534
https://doi.org/10.1038/sj.bjc.6605534
https://doi.org/10.1002/1878-0261.70042
https://doi.org/10.1002/1878-0261.70042
https://doi.org/10.3390/cancers17030428
https://doi.org/10.3390/cancers17030428
https://doi.org/10.3389/fonc.2018.00487
https://doi.org/10.3389/fonc.2018.00487
https://doi.org/10.1002/humu.20091
https://doi.org/10.1002/humu.20091
https://doi.org/10.3390/cells13141221
https://doi.org/10.3390/cells13141221
https://doi.org/10.1136/jmg.37.5.371
https://doi.org/10.1136/jmg.37.5.371
https://doi.org/10.3390/diagnostics13050822
https://doi.org/10.3390/diagnostics13050822
https://doi.org/10.1158/0008-5472.CAN-10-0192
https://doi.org/10.1158/0008-5472.CAN-10-0192
https://doi.org/10.4161/cbt.5.8.3251
https://doi.org/10.4161/cbt.5.8.3251


Cancer PlusCancer Plus KRAS mutations in NSCL cancer of Iraqi patients

Volume 8 Issue 1 (2026)	 9� doi: 10.36922/CP025330051

Appendix

https://doi.org/10.36922/CP025330051


Cancer PlusCancer Plus KRAS mutations in NSCL cancer of Iraqi patients

Volume 8 Issue 1 (2026)	 10� doi: 10.36922/CP025330051

Figure A1. KRAS strip assay results. (A) Test strip design and (B) A representative patient’s test strip results.
Abbreviation: PCR: Polymerase chain reaction.
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