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ABSTRACT 
Introduction
Endoscopic Mucosal Resection (EMR) is an invaluable technique. However, it is associated with significant risks. In the Elderly in particular, the long-term survival benefits of polyp resection with EMR is unknown. The aim of this study was to determine the long-term outcomes in elderly patients that had undergone EMR and to identify any adverse factors. 
Method
A retrospective observational study on patients of 75 years of age or greater, who underwent EMR of colorectal polyps, in a single tertiary centre, from 2005 to 2014. Demographics of the patients, including Charlson Comorbidity Index (CCI), endoscopic, and histological data were reviewed to identify potential factors predicting outcomes.

Results
The patients’ median age was 80 years. In total 239 procedures were performed in 206 unique patients. The complication rate was 1.6%.  Mean overall survival was 6.7 years with only 1 patient dying from metastatic colorectal cancer (0.5%) and 49 dying from non-colorectal cancer conditions (24%).  Age more than 79 years and CCI more than 2 were independent predictors of significantly shorter survival (p= <0.01).  Gender, size of the removed polyps and total number of polyps were not statistically significantly affecting survival. Patients who had more than 2 colonoscopies were found to have a survival benefit (p=0.02).

Conclusion
EMR of colonic polyps is safe even for elderly patients. However, the decision to proceed to complex endoscopic therapy should be individualised considering the patients’ age and comorbidities. CCI can help to objectively assess the comorbid state of a patient prior to such decisions.














Introduction
Removal of adenomatous polyps can prevent advancement to malignancy [1] and thus reduce morbidity and mortality from CRC [2-6] as demonstrated by the bowel cancer screening. Endoscopic mucosal resection (EMR) is an invaluable technique in removing large or complex polyps, however, it is not without risks. A recent systematic review of 50 studies outlined significant risks associated with the procedure such as perforation (1.5%), bleeding (6.5%) and even mortality (0.08%) [7]. In view of these risks, each case needs to be selected individually with a risk to benefit basis.

Age is an important in the pathophysiology of colorectal cancers (CRC). It has been shown that there is an increased incidence of CRC arising from sporadic adenomatous polyps with age [8,9]. With an aging population in the UK, the occurrence of adenomatous polyps and consequently, the need for intervention with polypectomy and advanced techniques such as EMR is increasing.   Studies have underlined the importance and benefits of screening for colorectal cancer, however, identifying an age of cessation of screening, when the benefits no longer justify its continuation remain controversial.  Age alone cannot be the only factor when considering the eligibility of screening, as pre-existing comorbidities are an important cofounder in predicted survival.  Consequently, a number of scoring systems have been developed to standardise the assessment of co-morbidities, for example, the Charlson Comorbidity Index (CCI) [10] in order to take this into account within studies.    

In the elderly, the long-term survival benefits of polyp resection with EMR are unknown given their potential life expectancy. The aim of this study was to determine the long-term outcomes in elderly patients that undergone EMR and to identify any adverse factors.

Methods
Setting & Patient Selection: This was a single centre study performed at the Royal Liverpool University Hospital as part of a registered service evaluation audit with a study period between July 2005 and November 2014. 
Patients selected were all patients aged 75 years and above, undergoing EMR of colonic polyps.  The patients were identified through the audit tools of the endoscopy reporting software (GI Reporting Tool - UNISOFT Medical Systems)

Study design: A retrospective observational approach was adopted to complete this study. Data was collected from patients’ notes and their electronic patient record, including clinic letters, trust results system, discharge summaries and the GI Reporting tool report of their procedure. The data collected included: patients age at the procedure, gender, co-morbidities, performing endoscopist, bowel preparation used, reported ASA score, polyp size and polyp characteristics, reported immediate complications, number of subsequent endoscopies, histology, readmission within 7 days, 30 day mortality, last follow up date, date of death and cause of death. 
The CCI [11] for each patient was retrospectively calculated according to relevant clinical information from the time period at which the EMR was performed.  All subjects were followed until death or study censure date.  Survival time was calculated as the interval from the index colonoscopy to death or study censure date; subjects with incomplete follow-up were censored at the time of their last documented follow-up.  The underlying distribution of each continuous variable was assessed.   These variables were modelled as continuous, but results are presented as post-hoc categorised data.  Size of polyps was handled as a categorical variable due to reasons of clinical interpretability. 

Definition of terms
Elderly - Defined as any patient equal or above 75 years of age
Endoscopic Mucosal Resection (EMR) – Any colonic polypectomy coded by the endoscopist, on the UNISOFT report, as an EMR during a flexible sigmoidoscopy or a colonoscopy 
Charlson Comorbidity Index (CCI) – Calculated based on the original Charlson Comorbidity Index (CCI) [11] with information extracted from the endoscopy report, the clinic letters and the previous investigations.
Complication - Immediate complication reported on the endoscopy report by the operating endoscopist.  Later complications were recorded as a result of post procedural hospitalisation. 
7-day readmission – Re-attendance in the institution and admission, directly associated with the procedure. 
30-Day Mortality – Date of death documented and reported within 30 days from the procedure. 
Survival - The interval from the index colonoscopy to death or study censure date.
Histology – The histological report of the resected lesion. In cases were more than one lesions were resected the worst prognostic histology was recorded i.e. cancer > high grade dysplasia > low grade dysplasia
Cause of death: As recorded on the death certificate.

Inclusion & Exclusion Criteria
Inclusion Criteria: 
All patients of at least 75 years of age, who underwent an EMR colonic polypectomy as defined above from July 2005 to November 2014. 
Exclusion Criteria:
Patients younger than 75 years old were excluded from the study. 
Polypectomies, which were not classified as EMR by the performing endoscopist on the endoscopy report. 

Statistical Analysis
Descriptive statistics were used to characterise the demographic and clinical features of the cohort. The mean survival time and associated standard deviation were calculated using a restricted approach with upper limit of the maximum observed time.  
Cox regression was used to analyse the predictors of mortality after the index colonoscopy.  Backwards selection via Akaike’s Information Criterion was used to select each variable in the multivariable model.  The Kaplan-Meier method was used to estimate overall survival.  All statistical analyses were performed with R version 3.2.3 software.  Patients with missing values for any of the covariates were removed from the analysis.  A p value of <0.05 was considered to be significant.

Results
Patient & Polyp Demographics
Two hundred and thirty-nine (239) procedures were included; these were performed in 206 unique patients.  Patient characteristics can be seen in table 1. The median age of the patients was 80 (range 78-83) and there was a slight male preponderance (55%).
The median follow up was 30 months (IQR 15, 51).  The median size of the polyp resected was 20mm (IQR 12, 30).  Eighteen percent (18%) were found to have high-grade dysplasia with seven percent (7%) having a malignant component. The vast majority was low-grade dysplasia (71%)

Procedural Outcomes, Complications & Mortality
Total Number of Procedures:
 Sixty-five (65) patients (31.6%) had a single EMR procedure and had no further endoscopies. Fifty-eight patients (28.2%) had one more endoscopy after the EMR and the remaining 83 patients (40.2%) had 2 or more endoscopies after the EMR. 

Complications:
Four of the cases had reported complications (1.6%).  In 2 cases (0.8%), bleeding was reported as an immediate complication but was managed conservatively.  Another 2 cases (0.8%) had cardiopulmonary complications, one of which was respiratory depression related to the sedation and the other a cardiovascular compromise related to a hyoscine butylbromide induced arrhythmia. Ten patients (4.2%) were readmitted within 7 days. None of the patients required surgery due to a complication. 

Histological Outcomes: 
The majority of the resected lesions were low-grade dysplasia (LGD), but 37 patients had lesions with high-grade dysplasia (HGD) and 14 with confirmed malignancy. 
Patients with malignancy: 
Of the 14 patients with malignancy, 4 had a surgical resection and at the study censure date were all still alive. The remaining ten patients were not operated on and 4 of them died during the study period. Two of the deaths were unrelated to colorectal cancer (Post renal transplant lymphoproliferative disease, cardiac disease) and 2 died due to unknown causes (one 2 years and one 9 years after the original procedure).
Patients with HGD:
Of the 37 patients with high-grade dysplasia, 3 underwent a surgical resection. One of them died, 42 months later, due to sepsis.  The remaining 34 patients did not undergo surgery and 8 of them died. Six of the deaths were unrelated to colorectal cancer, 1 was due to unknown causes and 1 was due to metastatic colorectal cancer.

Mortality: 
Two patients died in a relatively short period post the procedures. An 82 year old and a 78 year old who both died from cardiac causes within 1 and 2 months respectively. 
The 10 year mortality in our cohort was 26.4% and the 5 years mortality was 21.6%.  One patient died as a result of colorectal cancer.  53 patients died during the follow up period of the study. The main causes of death of all patients are described in table 2. The cause of death could not be identified in 8 cases, who moved out of area of our institution, and the death certificate was could not be retrieved.










Predictive Factors for Outcomes
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Figure 1: Probability of survival curve for all patients following EMR for colonic polyp.
The solid line is the mean survival, with the dotted lines illustrating 95% confidence intervals

The results of the univariable and multivariable analysis can be seen in table 3.   Univariable analysis demonstrated age, CCI, repeat colonoscopies and the presence of high-grade dysplasia were risk factors for mortality following polypectomy. Specifically patients aged 80 and above were more likely to die than those age <80 (p<0.01) (HR 1.39 - 95%CI - 1.09, 1.77).  A CCI of three or four was associated with death following polypectomy (p<0.01) (HR 1.14 95%CI 1.04, 1.25) as was a CCI of more than four (HR1.29 95%CI 1.09, 1.53).  Patients with at least one repeat colonoscopy were less likely to die than those with none (p<0.02 HR 0.84 95%CI 0.73, 0.98)  
Multivariable analysis demonstrated age, CCI and repeat colonoscopies to be significant with a Hazard risk of 1.28 1.14 and 0.85 respectively. The directions of effect were as per the univariable results. The occurrence of a complication did not predict mortality and only one of the 4 reported complications died up to the censure date of this study, 1 year later from respiratory sepsis.
Interaction between age and Charlson index, and their impact upon survival post EMR, was assessed by creating patient subgroups as seen in table 4. Those patients with a score of <3, irrespective of age had the longest survival post EMR. CCI did not predict risk of complication (p=0.5), readmission (p=0.3) or the presence of carcinoma and HGD (p=0.5).  When considering those with an individual polyp greater than 20mm, application of the CCI is a strong predictor of mortality.  This can be seen in figure 2 with immediate separation in the Kaplan Meier curve.  This begins to maximise by 5 years and is greater still by 10 years (p=0.0126). 

[image: ]
Figure 2: Kaplan Meier curve based upon those with an individual polyp ≥20mm.


Discussion
Considering outcomes of EMR for colorectal polyps in elderly patients is important due to their potential longevity, the high preponderance of polyps in this age group and the risks of the procedure.  We have presented the largest dedicated cohort of elderly patients undergoing colonic polyp EMR.  Our study has demonstrated that elderly patients, as defined by patient of 75 years of age or greater, that underwent EMR for colonic polyps, had low complication rates and post procedural survival exceeding 5 years in the vast majority (78.6%).  It has also highlighted the importance of CCI and advancing age as independent risk factors for predicting survival post procedure.  

The definition of age and ageing often categorise ‘older or elderly people’ as being above a certain age.  The Office for National Statistics (ONS) commonly quote data on individuals aged over 65, whilst World Health Organization (WHO) have defined an ‘older person’ as someone ‘whose age has passed the median life expectancy at birth’, which in the UK is currently 81.2 for men and women combined [12]. Defining elderly at 75 years therefore falls between these two definitions.  Other studies that have examined outcomes in an “elderly” cohort have defined elderly as > 75 years [13].  Moreover, British Society of Gastroenterology (BSG) guidelines recommend that patients should be offered surveillance until age 75 years and beyond if they are well enough and have a reasonable life expectancy [14].  Some have suggested that there is little benefit from polypectomy in patients over the age of 85 years because of the very low likelihood of progression to cancer during their remaining life.
As with many countries around the world, female life expectancy in the UK is greater than males.  Despite this we report a male predominance in an elderly cohort undergoing EMR.  This male predominance is explained by the increase in colorectal cancer in males, compared to females [9] the majority of which arise, as a result of sporadic adenomas and the adenoma-carcinoma pathway [15]. Such male predominance has been reported in similar studies examining outcomes of EMR in elderly patients [13].
Inclusion in this study was not based upon polyp size, but instead upon the recording of EMR as the mode of polyp removal.  As a result, 14% of polyps were <10mm, however, 55% were >20mm.  The potential for a patient to have a CRC associated death from a polyp <10mm is low in a cohort >75 years old and more so in those >80 years of age.  Risk of advanced dysplasia and colorectal cancer increases with an increase in polyp size, particularly those >20mm [16].  Polyp size at EMR did not influence mortality in our study.  Other studies examining outcomes following EMR have also included polyps <20mm [17] like in our study. These studies reported the outcomes whereby the majority of lesions resected were >20mm.  Other such studies only included polyps identified to be >20mm [18,19].  None of these studies were specifically examining outcomes in the elderly or subsequent mortality.  All of these studies reported post procedural outcomes, namely procedural complications and local adenoma recurrence.  Finding increased polyp size, specifically those >40mm were associated with increased complications and polypectomy site recurrence [18-20].    
Co-morbidity is an important factor that determines the survival of patients and a number of scoring systems have been developed to standardise the assessment of co-morbidities [11]. In this study we used the Charlson Comorbidity Index (CCI), which is a weighted index that takes into account the number and the severity of comorbid diseases. It predicts the cumulative mortality attributable to comorbid disease. The estimated increment in the relative risk of death, from an increase of one in CCI proved approximately equal to that from an additional decade of age [10,11]. The score has been validated and shown to independently predict adverse outcomes across a broad spectrum of conditions [21-25], including colorectal cancer [26,27] 
Histology identified 18% of resected polyps to contain high-grade dysplasia (HGD).  This was identified to be associated with increased risk of post procedural death (p=0.03).  The same was not identified for lesion found to contain established cancer.  A study in 2014 reported mortality following polypectomy.  The adenoma cohort consisted of 40,826 patients with a total follow-up time of 334,154 person-years.  HGD in the resected polyp was identified as a predictor of death in both univariate and multivariate analysis [28].  A small number of our cohort had a malignant component in the resected specimen, this did infer future risk of death but did not achieve statistical significance.  HGD as a predictor of future mortality may be related to the inferred risk of future neoplasia and in particular CRC [29].  The greater risk inferred by HGD may be as a consequence of those with cancer undergoing surgical resection, by merit of being less co-morbid and suitable for surgical resection.  Thus, a lower CCI, which in turn is an independent predictor of survival.    

Colonoscopy is considered to a be a relatively safe procedure, however EMR of larger polyps has been reported to have an overall risk of bleeding of up to 7% [30] but has also been reported to be as low as 0.44% [31]; an overall risk of perforation of up to 1.5% and a risk of post-polypectomy coagulation syndrome of up to 3.7% [30-32].  Studies examining the outcomes of EMR in elderly patients are retrospective and sparse within the literature. They have differing complication rates in this cohort of patients. One study of 412 adenoma resections in 343 patients, included a sub-cohort of elderly patients as defined as 74 years of age or greater (n=80) [13].  They demonstrated a perforation rate of 1.2% (5/412) and bleeding rates of 8%(28/412) (4.6% early bleeding and 2.2% delayed bleeding) [13]. Another study examined 50 patients of which 32 patients were 65 years or greater. They reported no perforations and a bleeding rate was 4% [33].  By comparison our study was favourable with an overall complication rate of just 1.6%, with no reported perforations and a bleeding rate of 0.8%. Our other main complication was cardiopulmonary compromise, which is unsurprising in this cohort at a rate 0.8%.  Our study also included additional performance indicators including a 7-day re-admission rate of 4.2% and 30-day mortality of 0.4%. 

Considering that patients with multiple comorbidities are less likely to be suitable candidates for surgery or prolonged chemo-radiotherapy, therefore endoscopic treatment is an appealing approach. In our cohort, patients with a higher CCI had significantly worse 5-year survival rates compared to healthier patients. The 5-year survival rate of patients with a high CCI (>3) who underwent an EMR polypectomy of a larger polyp (>20cm) was 62%. For patients with a low CCI the 5-year survival was significantly better at 83.5%. A Danish population study revealed that after diagnosis of colorectal cancer in patients with a CCI ≥3, the 5-year survival rate was up to 28% [34].  In our study, patients aged 75-79 with a high CCI, had a comparable 5-year survival compared to patients aged 80+ with a small CCI. Therefore, the decision on the appropriate management of a large colonic polyp should take under careful consideration the co-existent comorbidities as they play a crucial role in the outcome. This underlines the importance of careful assessment and reporting of all known comorbidities before undertaking endoscopy in patients of these characteristics. This further emphasises that age alone should not be used as the sole determining factor for suitability for colonic polyp EMR.
Patients who had >1 colonoscopy had increased survival following their EMR.  This likely represents less co-morbidities and thus more suitability for the index and any subsequent colonoscopies.  Moreover, repeated colonoscopies would ensure complete excision by removal residual disease at the site, detect local recurrence and reduce the risk of missed adenomatous or even malignant lesions.  In our study, 44.6% of patients who underwent EMR for a larger polyp (>2cm) underwent at least 2 more subsequent endoscopies for surveillance or treatment of recurrence while 22.3% underwent at least 3 more procedures.  Only one patient subsequently died of colorectal cancer.  A lower CCI is likely to mean the patient would be more eligible for repeated procedures and we have demonstrated that a CCI of <3 is associated with prolonged survival.  

The retrospective nature of our study infers some limitations.  Due to the nature of our service and the wide geographic catchment of the referral area cause of death could not be recorded in all cases.  Follow up time after EMR was also truncated in some cases as some of the procedures occurring within 1 year of the closure of the study.    

In conclusion, Endoscopic Mucosal Resection of colonic polyps can be safely performed in an elderly population, without excessive complication or readmission rates.  When considering a patient’s suitability for the procedure their age and CCI can be independently considered as risk factors for reduced survival following the procedure. This study therefore suggests that both age and CCl are important factors for decision making in the elderly when considering EMR in this population.

Table 1: Patient demographics, colonic polyp details and survival outcomes.
	
	Number

	Age (years) – median (IQR)
	80 (78 – 83)

	Charlson Index – median (IQR)
	1 (0 – 2)

	Repeat Colonoscopies – median (IQR)
	1 (0 – 2)

	Gender:  
Male
Female
	
114 (55%)
92 (45%)

	Size of polyps 1 (categorical):
1-9mm
10-19mm
≥ 20mm
Missing
	
28 (14%)
61 (30%)
114 (55%)
3 (1%)

	Number of polyps:
1
≥ 2
	
121 (59%)
85 (41%)

	Histology:
Low grade dysplasia
High grade dysplasia
Malignancy
Hyperplastic
	
146 (71%)
38 (18%)
14 (7%)
8 (4%)

	Mean survival, months (standard error)

	80.63 (4.49)




Table 2: Causes of death
	Cause of Death
	Number

	Sepsis
	19

	Cardiac Causes
	9

	Cancer: 
Lung
Prostate
Cholangiocarcinoma
Pancreas
Colorectal
	
3
2
1
1
1

	Other Causes: 
Advanced dementia
Pancreatitis
PTLD
Renal failure
Duodenal bleed
Respiratory Failure
Suicide
	
2
1
1
1
2
1
1

	Unknown
	8




Table 3: Univariable and multivariable analysis of risk factors of death following EMR of colonic polyp in patients >75 years of age.
	Variable
	
p-value
	Univariable
HR (95% CI)
	Multivariable
HR (95% CI)

	Age
	76-79
≥80
	<0.01
	1.00
1.39 (1.09, 1.77)
	1.00
1.28 (1.00, 1.64)

	Charlson Index
	<3
3-4
>4
	<0.01
	1.00
1.14 (1.04 1.25)
1.29 (1.09, 1.53)
	1.00
1.14 (1.04 1.25)
1.28 (1.07, 1.54)

	Repeat Colonoscopies
	0
1
≥2
	0.02
	1.00
0.84 (0.73, 0.98)
0.70 (0.52, 0.95)
	1.00
0.85 (0.74, 0.99)
0.72 (0.53, 0.97)

	Gender
	Male
Female
	0.28
	1.00
0.72 (0.39, 1.31)
	N/A

	Size of Polyps
	1-9mm
10-19mm
≥ 20mm
	
0.59
0.67
	1.00
1.36 (0.45, 4.17)
1.26 (0.44, 3.61)
	N/A

	Number of Polyps
	1
≥ 2
	
0.84
	1.00
0.94 (0.53, 1.68)
	N/A

	Histology
	Low grade dysplasia
High grade dysplasia
Malignancy
Other
	
0.03
0.51
0.66
	1.00
2.16 (1.07, 4.36)
1.33 (0.57, 3.08)
1.57 (0.21, 11.71)
	N/A



Table 4: Patient subgrouping according to age and Charlson Index.  Includes mean survival (months) for each patient subgroup.
	Age
	Charlson Index
	Patients
	Mean survival, months 
(standard error)

	75-79
	<3
	67
	87.7 (5.1)

	75-79
	3-4
	11
	61.6 (6.2)

	75-79
	>4
	10
	63.9 (12.1)

	≥80
	<3
	87*
	84.3 (8.1)

	≥80
	3-4
	18
	47.5 (5.3)

	≥80
	>4
	12
	68.5 (14.2)
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