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Abstract

Objectives: To investigate the association between lung metastasis and the previously mentioned risk factors in colorectal patients. 

Methods: This retrospective, case-control study was conducted in Royal Hospital, Oman. Patients this study. Data of demographics, tumor characteristics, metastasis from computed tomography reports, who were diagnosed with colorectal adenocarcinoma between 2014 and 2019 were included in and histopathology features were gathered from Al Shifa system. Patients were divided into two groups based on the presence/absence of lung metastasis. Patients were followed-up for one year post diagnoses to determine progress of detected lung nodules. A statistical analysis using IBM SPSS Statistics 25 was carried out and p < 0.050 was considered statistically significant with 95% confidence interval. 

Results: A total of 523 patients were included, and majority (57.2%) were male with mean age of 57.8±4.02. Prevalence of lung metastasis was 17.6% (95% CI = 14.4%–21.1%). There was a significant association of lung metastasis with T3 (56.3%) and T4 (39.4%) tumours (LR = 14.348, p = 0.002). Presence of lymph-nodes metastasis also showed significant association with lung metastasis (83.5%, p = 0.0001). Patients with liver metastasis at time of diagnosis had also higher risk of lung metastasis (60.2%, p = 0.0001). Tumours with neurovascular invasion and KRAS mutation were significantly associated with lung metastasis (p <0.050). However, there was no statistical significant association with age, gender, carcinoembryonic antigen level, and histopathology grade. Patients with KRAS mutation has three times higher risk for lung metastasis compared to patients with WT (OR = 3.366, 95% CI = 1.220–9.288, p = 0.019).

Conclusion: Presence of KRAS mutation is the only independent predictor of lung metastasis in colorectal cancer patients. Pre-operative chest computed tomography must be done as part of staging workup for all new patients regardless of the previously mentioned risk factor status.


















Introduction:
Colorectal cancer (CRC) is ranking among the top three cancers in terms of incidence, and it accounts for 10.2% of all cancer cases worldwide.1 20% are diagnosed with CRC already presenting with metastasis at the time of diagnosis.3,4 The liver is the most common site of metastasis, followed by the lungs. Approximately 10% of colorectal cancer patients develop lung metastasis during the course of the disease.5,6

Traditionally, chest X-ray (CXR) has been employed as part of the diagnostic investigation for newly diagnosed patients to identify lung metastasis. However, current international guidelines, such as those from NICE and NCCN, recommend the use of computed tomography (CT) chest with intravenous contrast.22,23 CT chest is more sensitive in detecting lung metastasis, but it is less specific, with nearly 30% of the detected lesions being indeterminate and having no impact on the primary management plan.11,12 Additionally, routine CT chest scans can lead to increased radiation exposure and higher costs for healthcare institutions.

Several studies propose a selective approach to using CT chest in CRC patients with specific high-risk features associated with a greater likelihood of primary tumor metastasis to the lungs. The primary factor is the location of the primary tumor in the rectum rather than the colon. 

Other factors that have been linked to lung metastasis in CRC include higher TNM staging, presence of liver metastasis, elevated CEA levels (a tumor marker), presence of K-Ras mutation, poorly differentiated histology, and advanced age. However, the association between these factors and lung metastasis remains highly controversial in current literature, with conflicting results. Furthermore, most studies on this topic have small sample sizes and lack proper statistical analysis.

In this study, our objective is to investigate the association between lung metastasis and the aforementioned risk factors in newly diagnosed colorectal cancer patients. The aim is to determine a more specific group of patients who can benefit from CT chest scans, thereby avoiding the side effects associated with routine scans.

















Methods: 

Study design and sample size
This is a case control study where patients were categorized into two groups based on the presence or absence of lung metastasis. The study sample size was calculated to a confidence interval of 95% and a minimum of 500 patients must be included. 

Patients
This retrospective study has included all patients that were newly diagnosed with colorectal adenocarcinoma in Royal Hospital, Sultanate of Oman for 6 years period from January 2014 to December 2019. Patients that were adults above 18 years old, must have a preoperative staging chest -abdomen – pelvis CT with IV contrast at time of diagnosis and must have completed at least one year follow up in the hospital. Patient who had incomplete medical records that lack the CT images or primary tumor Biopsy/final specimen histopathology report were excluded. (See Table 1).

	Inclusion criteria
	Exclusion Criteria

	· All patients diagnosed with colorectal adenocarcinoma between January2014-December 2019 in Royal Hospital.
· Adult patients age > 18 years 
· Chest-Abdomen-Pelvis staging CT was done preoperatively, at time of diagnosis, either in hospital or uploaded and reported by RH senior radiologist.
· One year Follow up Chest CT after the first staging chest CT (to follow the progress of indeterminate lung nodules). 

	· Patients > 18 years 
patients with significant missing clinical data from Alshifa system like histopathology reports or CT chest -abdomen-pelvis images
· Patients with colon malignancy other than adenocarcinoma 
· Patients who did not complete one year follow up . 


Table (I): Inclusion and Exclusion criteria


Data collection
 AlShifa electronic medical record system was reviewed to obtain data on patients demographics including age and gender and the CEA level at time of diagnosis. 

CT images
Abdomen CT was reviewed to obtain data regarding the primary tumor location (colon vs rectum) , the Tumor size (T stage) , the presence of lymph node spread (N stage) and the presence of synchronous liver or other intrabdominal metastasis. CT chest was reviewed to look for presence of lunge metastasis. 
The CT machine used was not standardized as images were done in different health institutes including Royal hospital and then uploaded in AlShifa system. However, all images were reviewed and reported by senior consultant radiologists from Royal Hospital. 
Follow up chest CT images within one year of the first staging CT were reviewed to determine the progress of the lung nodules, especially those initially categorized as indeterminate. 

Histopathology
Histopathology reports of the initial biopsy as well as the final specimen report if patient underwent resection of the primary tumor were reviewed to determine the tumor histology type, grade, confirm the T stage, presence of metastatic lymphnodes, presence of lymphovascular invasion and the KRAS mutation status. 

Statistical analysis 
The Data was analyzed using IBM SPSS Statistics 25.0 (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.) 
The Categorical risk factors were compared between Lung metastasis and No lung metastasis groups using Chi-squared test and continuous variables using independent t test. Logistic regression was carried out to adjust for multiple co-factors. P-value of <0.05 was considered as statistical significance for all the tests.

Ethical Approval had been obtained from Centre of Studies and Research in MOH 
(no. SRC#121/2020).
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743 patients were newly diagnosed with colorectal cancer from January 2014 to December 2019. Total of 220 patients were excluded due to several reasons (see figure 1), majority due to missing CT images or histopathology reports. Final included sample were 527 patients.

Demographics 
Age of the included patients ranged from 20 years to 74 years (Mean 57.8, SD 14.02). 
Majority of the patients were male of 57.2% and females attributed for 42.8%. 

Fig(1): Flowchart of included study sample.


Lung metastasis
The prevalence of lung metastasis among the included newly diagnosed colorectal patients is 17.6% (95% CI= 14.4% - 21.1%). 

Age
A t-test was conducted to examine the difference in age between patients with and without lung metastasis. The mean age for patients without lung metastasis was 57.39 years (SD = 13.614), while the mean age for patients with lung metastasis was 60.11 years (SD = 15.684). The results of the t-test indicated that there was no significant difference in age between the two groups (t = 0.125, p = 0.125). 

Gender 
Majority of patients with lung metastasis were male 63%. However, there was no statistical significant association between male gender and lung metastasis. Fisher's Exact Test : P - Value 0.246 . 

Tumor site :
221 patients were diagnosed with colon cancer distributed between ascending , transverse and descending colon. The remaining 210 had rectal tumours. 43.5% of patients with lung metastasis had rectal cancer compared to 56.5% had colon cancer. Fisher's Exact Test : P - Value 0.421 

Tumor size ( T stage ):
Majority of included patients had T3 staged tumor (61.6%), followed by T4 ( 25.3%). Within the lung metastasis group , 56.3% were found to have T3 tumors and 39.4% had T4 tumors. Chi-squared test showed significant association between advanced T stage and increase the risk of lung metastasis with likelihood ration of 14.348 ( P=0.002). Therefore, the higher the T stage , the higher the chance of having lung metastasis. 



Lymphnode metastasis :
Total of 311 ( 62.2%) patients of the study group have intra-abdominal lymph node metastasis. The vast Majority of the patients with lung metastasis were also found to have lymph node metastasis 83.5%. There is a significant association between lymphnode metastasis and lung metastasis with LR of 21.275 ( P = 0.000). 

Liver metastasis 
The prevalence of liver metastasis in the included study group is 27.1%. Within the group of lung metastasis , 55 patients ( 60.4%) has also liver metastasis. The presence of liver metastasis is strongly associated with the presence of lung metastasis , with LR of 56.3 ( P =0.000) . 

Intra-abdominal metastasis :
16% of the patients were found to have other intra-abdominal metastasis ( including peritoneal deposits, omental deposits , other organ deposits). There is a significant association between the presence of intra-abdominal metastasis and lung metastasis ( LR 18.81, P= 0.000).

Tumor grade 
Table (10) shows the distribution of the patients based on the histological tumor grade. The vast majority 78.1% are moderately differentiated adenocarcinoma. Among lung metastasis group , 54 patients ( 76.1%) has moderately differentiated adenocarcinoma, followed by poorly differentiated 16.9%. Chi square test shows no statistical significant association between the tumor grade and the presence of lung metastasis ( P= 0.572) . 

Neurovascular invasion:
Among lung group metastasis , 37.3% of the patients has neurovascular invasion reported in the histopathology findings. Fisher Exact test showed significant association between lung metastasis and the finding of neurovascular invasion in the primary tumor histopathology ( LR 7.949 , P= 0.005). 

CEA 
Overall among the study group, 54.5% has elevated CEA level. However, T test showed no statistical significant association between CEA level and lung metastasis ( P=0.88)


K Ras mutation:
KRas mutation was tested on 173 patients only from the total sample. 71 patients were found to have mutant KRAS and 102 have Wild Type.  Among the lung metastasis group , 63.9% carry KRAS mutation. Fishers Exact test shows significant association between the presence of Kras mutation in the primary tumor and the presence of lung metastasis ( LR 9.69 , P= 0.002). 


Multivariate binary logistic regression analysis was conducted to determine the independent predictor of lung metastasis among colorectal cancer patients as showed in Table(15). K-Ras mutation was identified as the only independent predictor of the lung metastasis among the colorectal cancer patients. Patients with K RAS mutation have three times higher risk for lung metastasis compared to patients with Wild Type (OR= 3.366, 95% CI= 1.220 – 9.288, P= 0.019).
	T -Test for age

	Lung metastasis
	Mean
	Std. Deviation
	P-value

	Absent
	57.39
	13.614
	0.125

	Present
	60.11
	15.684
	


   Table (II): Correlation between lung metastasis and Age in colorectal cancer patients.

	 
	Gender
	Total

	
	Male
	Female
	

	Lung metastasis
	Absent
	Count
	241
	190
	431

	
	
	% within Lung metastasis
	55.9%
	44.1%
	100.0%

	
	Present
	Count
	58
	34
	92

	
	
	% within Lung metastasis
	63.0%
	37.0%
	100.0%

	Total
	Count
	299
	224
	523

	
	% within Lung metastasis
	57.2%
	42.8%
	100.0%

	· Fisher's Exact Test : P - Value 0.246 


  Table (III): Correlation between lung metastasis and gender in colorectal cancer patients.


	
	Frequency
	Percent

	Tumor site
	Colon
	52
	9.9

	
	Lt colon
	15
	2.9

	
	Rectosigmoid
	66
	12.6

	
	Rectum
	184
	35.2

	
	Rt colon
	66
	12.6

	
	Sigmoid
	129
	24.7

	
	Transverse colon
	11
	2.1

	
	Total
	523
	100.0


  Table (IV): Patients distribution based on tumor site.

	 
	Primary Tumour site
	Total

	
	Colon
	Rectum
	

	Lung metastasis
	No
	Count
	221
	210
	431

	
	
	% within Lung metastasis
	51.3%
	48.7%
	100.0%

	
	Yes
	Count
	52
	40
	92

	
	
	% within Lung metastasis
	56.5%
	43.5%
	100.0%

	Total
	Count
	273
	250
	523

	
	% within Lung metastasis
	52.2%
	47.8%
	100.0%

	· Fisher's Exact Test : P - Value 0.421 


   Table (V): Patients distribution by frequency and percentage according to tumor site Correlation between lung metastasis and primary tumor site ( Colon vs rectum).



	 
	Tumour size
	Total

	
	T1
	T2
	T3
	T4
	

	Lung metastasis
	No
	Count
	14
	46
	255
	93
	408

	
	
	% within Lung metastasis
	3.4%
	11.3%
	62.5%
	22.8%
	100.0%

	
	Yes
	Count
	0
	3
	40
	28
	71

	
	
	% within Lung metastasis
	0.0%
	4.2%
	56.3%
	39.4%
	100.0%

	Total
	Count
	14
	49
	295
	121
	479

	
	% within Lung metastasis
	2.9%
	10.2%
	61.6%
	25.3%
	100.0%

	· Likelihood Ratio: 14.348, P value 0.002


  Table (VI): Patients distribution by frequency and percentage according to T stage of the primary tumor and correlation with lung metastasis. 


	 
	Lymph node metastasis
	Total

	
	No
	Yes
	

	Lung metastasis
	No
	Count
	172
	240
	412

	
	
	% within Lung metastasis
	41.7%
	58.3%
	100.0%

	
	Yes
	Count
	14
	71
	85

	
	
	% within Lung metastasis
	16.5%
	83.5%
	100.0%

	Total
	Count
	186
	311
	497

	
	% within Lung metastasis
	37.4%
	62.6%
	100.0%

	· Fisher's Exact Test : P - Value 0.0001 


Table (VII): Patients distribution by frequency and percentage according to Lymphnode involvement and correlation with lung metastasis. 




	 
	Liver metastasis
	Total

	
	No
	Yes
	

	Lung metastasis
	No
	Count
	333
	82
	415

	
	
	% within Lung metastasis
	80.2%
	19.8%
	100.0%

	
	Yes
	Count
	36
	55
	91

	
	
	% within Lung metastasis
	39.6%
	60.4%
	100.0%

	Total
	Count
	369
	137
	506

	
	% within Lung metastasis
	72.9%
	27.1%
	100.0%

	· Fisher's Exact Test : P - Value 0.0001 


Table (VIII): Patients distribution by frequency and percentage according to liver metastasis and correlation with lung metastasis. 


	 
	Other intra-abdominal metastasis
	Total

	
	No
	Yes
	

	Lung metastasis
	No
	Count
	358
	51
	409

	
	
	% within Lung metastasis
	87.5%
	12.5%
	100.0%

	
	Yes
	Count
	57
	28
	85

	
	
	% within Lung metastasis
	67.1%
	32.9%
	100.0%

	Total
	Count
	415
	79
	494

	
	% within Lung metastasis
	84.0%
	16.0%
	100.0%

	· Fisher's Exact Test : P - Value 0.0001 


Table (IX): Patients distribution by frequency and percentage according to presence of other intra-abdominal metastasis  and correlation with lung metastasis. 













	 
	Tumour Grade (Differentiation)
	Total

	
	Poor
	Moderate
	Well
	Mucinous
	Signet
	

	Lung metastasis
	No
	Count
	45
	260
	17
	7
	2
	331

	
	
	% 
	13.6%
	78.5%
	5.1%
	2.1%
	0.6%
	100.0%

	
	Yes
	Count
	12
	54
	2
	3
	0
	71

	
	
	% 
	16.9%
	76.1%
	2.8%
	4.2%
	0.0%
	100.0%

	Total
	Count
	57
	314
	19
	10
	2
	402

	
	% 
	14.2%
	78.1%
	4.7%
	2.5%
	0.5%
	100.0%

	· Likelihood Ratio:  2.916,  P-Value 0.572


Table (X): Patients distribution by frequency and percentage according to tumor histological differentiation and type and correlation with lung metastasis. 

	 
	Neurovascular invasion
	Total

	
	Present
	Absent
	

	Lung metastasis
	No
	Count
	290
	76
	366

	
	
	% within Lung metastasis
	79.2%
	20.8%
	100.0%

	
	Yes
	Count
	42
	25
	67

	
	
	% within Lung metastasis
	62.7%
	37.3%
	100.0%

	Total
	Count
	332
	101
	433

	
	% within Lung metastasis
	76.7%
	23.3%
	100.0%

	· Fisher's Exact Test : P - Value 0.005 


Table (XI): Patients distribution by frequency and percentage according to neurovascular invasion status and correlation with lung metastasis. 

	 
	K-Ras mutation
	Total

	
	Mutant
	WT
	

	Lung metastasis
	No
	Count
	48
	89
	137

	
	
	% within Lung metastasis
	35.0%
	65.0%
	100.0%

	
	Yes
	Count
	23
	13
	36

	
	
	% within Lung metastasis
	63.9%
	36.1%
	100.0%

	Total
	Count
	71
	102
	173

	
	% within Lung metastasis
	41.0%
	59.0%
	100.0%

	· Fisher's Exact Test : P - Value 0.002 


Table (XII): Patients distribution by frequency and percentage according to KRAS mutation status and correlation with lung metastasis. 

	 
	Lung metastasis
	N
	Mean
	Std. Deviation
	P-value

	CEA Level
	No
	404
	5324.6804
	14320.09109
	0.881

	
	Yes
	86
	5579.4843
	14217.45753
	


Table (XIII): Correlation between CEA level and lung metastasis. 
































	Variable
	B
	P-value
	Odds Ratio (OR)
	95% CI for OR

	
	
	
	
	Lower
	Upper

	Tumour size
	
	
	
	
	

	T4 (Reference)
	
	
	
	
	

	T1
	-19.130
	0.999
	0.000
	0.000
	-

	T2
	0.227
	0.853
	1.255
	0.113
	13.902

	T3
	0.358
	0.552
	1.431
	0.439
	4.662

	Lymph node metastasis
	
	
	
	
	

	No (Reference)
	
	
	
	
	

	Yes
	0.018
	0.976
	1.019
	0.299
	3.469

	Liver metastasis
	
	
	
	
	

	No (Reference)
	
	
	
	
	

	Yes
	0.628
	0.239
	1.873
	0.658
	5.329

	Other intra-abdominal metastasis
	
	
	
	
	

	No (Reference)
	
	
	
	
	

	Yes
	-0.546
	0.394
	0.579
	0.165
	2.032

	Neurovascular invasion
	
	
	
	
	

	No (Reference)
	
	
	
	
	

	Yes
	0.817
	0.142
	2.264
	0.761
	6.734

	K-Ras mutation
	
	
	
	
	

	WT (Reference)
	
	
	
	
	

	M
	1.214
	0.019*
	3.366
	1.220
	9.288

	*Statistically significant


Table (XIV): Multivariate binary logistic regression analysis to determine the independent predictor of lung metastasis among colorectal cancer patients. 
















Discussion: 

In this case-control study, we investigated the correlation between specific risk factors and the occurrence of lung metastasis in newly diagnosed patients with colorectal cancer. The primary objective of the study was to optimize the use of imaging modalities by guiding physicians to reserve computed tomography (CT) scans for individuals with identified high-risk characteristics, while utilizing chest X-rays (CXR) for those without such factors. The overall findings revealed that the presence of a KRAS mutation emerged as the sole independent risk factor for the development of lung metastasis in newly diagnosed colorectal cancer patients. Nonetheless, it is essential to note that other factors, including a high T stage, lymph node metastasis, and the presence of liver metastasis, exhibited a significantly strong association with lung metastasis.

It is well known that chest CT is more sensitive and specific than chest X-ray in detecting lung nodules in general and malignant nodules specifically. CT sensitivity reaches up to 96.2% in detecting malignant lung nodules, compared to 76.9% in chest X-ray. 11,12

Lazzaron et 14 on the other hand, conducted a cohort study to compare CCT to CXR in detecting lung metastasis in 223 patients diagnosed with CRC. The study found CCT detected 16/223 to be metastasis, and only three of these (1.3%) were detected by CXR. Moreover, 16.8% of initially classified as benign nodules by CXR found to be malignant later during follow up. 

CT can detect lesions as small as 2-3mm compared to 5-10mm by CXR. However, these small lesions are difficult to distinguish and require further follow up and imaging that can take up to one year, hence, will not change the management of the primary resectable tumor. 12,17

The argue against using chest CT for all newly diagnosed patients with colorectal cancer are: high radiation exposure that may be unnecessary, delay surgery of the resectable primary tumor due to late CT appointments and the high incidence of indeterminate lung lesions that require further follow up and may lead to confusion in the treatment plan. 

Indeterminate lesions in chest CT counts for 15-25% of all lung lesions found in CRC patients. During surveillance, some of these lesions will progress into metastasis, but it is highly variable in literature ( 0.2%-16%).11,12,15,17
In addition, these indeterminate lesions due to their small size are not amenable for needle guided biopsy and other imaging modalities eg PET CT are not proven to be more effective. 11,12 

The earliest risk factors examined in the scientific literature included the presence of liver metastasis and the distinction between colon and rectal tumors. While both colon and rectal cancers commonly metastasize to the liver initially, emerging evidence indicates that rectal cancer can directly spread to the lungs, bypassing hepatic involvement.5,9 
This phenomenon is attributed to the hematogenous dissemination of adenocarcinoma cells. Specifically, venous drainage in the colon occurs via the portal vein, traversing the liver before reaching the heart and lungs. In contrast, the middle and lower regions of the rectum are drained by middle and lower rectal veins that directly connect to the systemic circulation.
Consequently, multiple studies have postulated that patients diagnosed with colon cancer but lacking liver metastases are unlikely to exhibit extrabdominal metastases. Notably, isolated lung metastases are a rare occurrence, comprising only 1-3% of all metastatic sites in colorectal cancer cases.10,16

The outcomes of our study revealed a notable 39.6% incidence rate of isolated lung metastasis, a figure significantly surpassing previously documented rates in the existing literature. Furthermore, our analysis unveiled no significant difference in the propensity for lung metastasis between rectal and colonic cancers. Therefore, we cannot relay on the tumor location as an indicator for staging chest CT. It is important to note that conflicting perspectives persist in the published literature regarding the association between tumor location and the occurrence of lung metastasis.

A Large SEER database-based study on 46,027 patients found that colon cancer had a higher incidence of liver metastasis (13.8% vs 12.3%, P < 0.001), while rectal cancer had a significantly higher incidence of lung metastasis (5.6% vs 3.7%, P < 0.001).18 Two other studies have also shown rectal cancer spreads more frequently to the lung compared to colon cancer. 8,17 

On the other hand, Lazzaron et al14 study on 30 patients with lung metastasis concluded no significant difference between rectum and colon (P=0.62). Another study also supports the absence of significant association between lung metastasis and the primary tumor being in rectum (colon and rectal groups (2.8% vs 3.9%, p = 0.56)).16 Qui et al has also found not only that colon has higher incidence of liver metastasis but right colon cancer specifically has higher metastatic rate to liver compared to left colon.18 However, in this study we have combined right and left colon cancers in one category again rectal cancer. 

Other identified risk factors that demonstrated a statistically significant correlation with lung metastasis included tumor size, with a progressive increase in T stage corresponding to a heightened predisposition toward lung metastasis. This observation aligns with the concept that lymphatic invasion and dissemination often intensify in advanced T stages, thereby boosting the likelihood of lung metastasis. The same concept applies on the presence of lymphnode metastasis and neurovascular invasion. 

In Lazzaron et al study14 86.6% of patients with lung metastasis had a T3 or T4 tumor and 80% had N+ status. Another study found nodal metastasis (OR, 3.08; 95% CI, 1.00–9.45; p = 0.049) was a significant predictor of pulmonary metastasis, however, T status and lymphovascular invasion (p = 0.28) were not. (15)
In a recent study conducted by Wang et al., a large retrospective analysis encompassing 10,054 patients was carried out. Utilizing multivariate logistic regression, the study identified several factors associated with the occurrence of lung metastasis, including older age, black race, unmarried status, lack of insurance, primary tumor site, histological differentiation, extent of lymphatic metastasis, T4/T1 stage, positivity for carcinoembryonic antigen (CEA), as well as the presence of liver, bone, and brain metastases. (24)
Our study revealed contradicting results with CEA level and histological differentiation. Although the incidence of lung metastasis increased with higher histological grade and elevated CEA level, but these results were not statistically significance. 

We have also reported no significant association between gender and age with lung metastasis. The published literature has wide controversy in this term. Qui et al (18) reported that men had a higher risk than women in terms of liver, lung and bone metastasis compared to women with colorectal cancer. 

The multivariant analysis that as conducted at this study concluded that KRAS is the only independent risk factors with 3-fold increased risk for lung metastasis compared to wild type. This result is compatible with the available published literature. Two large studies have also linked lung metastasis in CRC to presence of KRAS mutation. KRAS mutation prevalence was significantly higher in lung (62.0%) and brain (56.5%) than in liver metastases (32.3%; P 0.003). 20-21
Conclusion:
The overall analysis concludes that KRAS status is the only independent predictor of lung metastasis in newly diagnosed colorectal cancer patients that can be relied on in clinical setting to guide the use of staging chest CT. However, KRAS test is not done in all patients and takes longer time to be processed which might delay the management plan. Hence, this study finally recommends staging chest CT for all newly diagnosed colorectal cancer patients to diagnose lung metastasis regardless of the status of previously mentioned predictors. 
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3
Patients who were diagnosed with CRC in

4 RH from Jan 2014-Dec 2017

220 patients were excluded :

* 75 Lost follow up ( <I year).

+ 135 Incomplete Data regarding histopathology

reports or radiology reports.

5 + 10 Malignancies other than adenocarcinoma .

Patients who were included in the study
analysis
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