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Abstract

Background—Bowel function in long-term rectal cancer survivors with anastomosis has not 

been characterized adequately. We hypothesized that bowel function is associated with patient, 

disease, and treatment characteristics.

Methods—The cohort study included Kaiser Permanente members who were long-term (≥5 

years) rectal cancer survivors with anastomosis. Bowel function was scored using the self-

administered, 14-item Memorial Sloan-Kettering Cancer Center Bowel Function Index. Patient, 

cancer, and treatment variables were collected from the electronic medical charting. We used 

multiple regression to assess the relationship of patient- and treatment-related variables with the 

bowel function score.

Results—The study included 381 anastomosis patients surveyed an average 12 years after their 

rectal cancer surgeries. The total bowel function score averaged 53 (standard deviation, 9; range, 

31 to 70, higher scores represent better function). Independent factors associated with worse total 

bowel function score included receipt of radiation therapy (yes vs. no: 5.3-unit decrement, 

p<0.0001), tumor distance from the anal verge (≤6 cm vs. >6 cm: 3.2-unit decrement, p<0.01), and 

history of a temporary ostomy (yes vs. no: 4.0-unit decrement, p<0.01). One factor measured at 
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time of survey was also associated with worse total bowel function score: ever smoking (2.3-unit 

decrement, p<0.05). The regression model explained 20% of the variation in the total bowel 

function score.

Conclusions—Low tumor location, radiation therapy, temporary ostomy during initial 

treatment, and history of smoking were linked with decreased long-term bowel function following 

an anastomosis. These results should improve decision-making about surgical options.
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INTRODUCTION

In the past 40 years, the five-year survival rate following rectal cancer has increased from 

about 50% to 70%.1,2 This improvement has resulted from early screening and diagnosis, as 

well as implementation of newer surgical techniques and therapies.3 In some patients with 

low rectal cancers, a low anterior resection can be performed so that the anal sphincter is 

spared allowing the patient to maintain their bowel function and continuity. In other patients 

with low rectal cancer, an abdominoperineal resection is necessary. These patients must use 

an ostomy bag to collect their stool. Some patients may also be given a “temporary ostomy” 

with the goal of restoring bowel function continuity later with a second surgery. Among 

those who receive sphincter-sparing surgery, many have impaired bowel function, or “low 

anterior resection syndrome”4–7 that can lead to a reduction in health-related quality of 

life.4, 6, 8–12

When the probabilities of cancer recurrence and overall survival are similar for patients 

considering sphincter-sparing surgery or ostomy, it is essential that patients have access to 

high-quality information about long-term bowel function outcomes.13 Information about 

long-term outcomes is important for the primary care providers who manage long-term 

cancer survivor’s health care as well.13

We conducted a secondary analysis of a cohort study to understand the relationship of 

patient and clinical factors known at the time of treatment planning with risk of long-term 

bowel dysfunction. We also sought to understand the role of long-term health status on long-

term bowel function.

MATERIALS AND METHODS

This secondary analysis of a cohort study included both longitudinal and cross-sectional 

components and was approved by Institutional Review Boards at the University of Arizona 

Cancer Center and Kaiser Permanente. Our methods are detailed in our earlier reports14, 15 

and summarized here.

Study Population

The primary study was set within the membership of Kaiser Permanente in Northern 

California and Oregon/southwest Washington. Kaiser Permanente is an integrated healthcare 
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delivery system. In these two regions, it offers comprehensive, capitated care. Health plan 

members were eligible if they received a diagnosis of rectal or rectosigmoid cancer, had 

survived their cancer diagnosis by least 5 years as of recruitment in 2010, and had received 

an anastomosis with or without a temporary ostomy that was reversed as part of their initial 

phase of rectal cancer treatment.

Data Collection

The data used in this secondary analysis was obtained from responses to a mailed survey, 

from patient and clinical data recorded into an electronic health record (EHR) and cancer 

registry, and from chart review of the bowel surgery operative report.

A survey was mailed to eligible health plan members in 2010–2011. The survey included the 

Memorial Sloan-Kettering Cancer Center Bowel Function Index (BFI),16 the City of Hope 

Quality of Life Colorectal Cancer questionnaire (COH-QOL-CRC),17 and the Short-Form 

12 Health Survey version 2 (SF-12v2).18 It also included questions asking the date of 

surgery, whether patient received a temporary ostomy at time of surgery (yes/no), physical 

activity (minutes/week), and self-reported general health (5-point Likert scale, excellent to 

poor).

The BFI contains 14 items (Table 1).16 For item 1, the patient wrote in the estimated number 

of bowel movements per day. The number of bowel movements per day was recoded to 1 to 

5 (< 2, 2, 3, 4 – 5, and ≥ 6 per day, respectively). The remaining items are coding on a Likert 

scale ranging from 1 (always) to 5 (never). Following the BFI scoring instructions, [Temple 

et al. 2005], scores were inverted for two items (#2 and #6) so that ‘1’ represented worst 

bowel function and ‘5’ the best bowel function for all items. The items were added together 

for a “total BFI score,” with range 31 to 70, where high score indicates better bowel 

function.

The BFI has three subscales: Frequency, Urgency, and Dietary (Table 1). The Frequency 

subscale includes 6 of the 14 items (range: 6–30), those concerning stool consistency, ability 

to get to the toilet on time, and the number of bowel movements in 24 hours. The Urgency 

subscale includes 4 items (range: 4–20) concerning fecal leakage and the impact of bowel 

function on changes in activities. The Dietary subscale includes 4 items (range: 4–20) 

concerning the impact of solid foods and liquids on bowel control. We previously reported 

the psychometric properties of the BFI in our study population.14

Patient age, sex, and race (White, Asian-American, other) were obtained from the EHR. Use 

of opiates during the year prior to survey was obtained from pharmacy dispensing 

information. Charlson-Deyo comorbidity scores were computed from encounter 

diagnoses.19 Receipt of pre- and post-operative radiation and chemotherapy at the time of 

the initial treatment was ascertained from the cancer registry. Distance of the tumor from the 

anal verge was ascertained from chart review of the operative report or the report of 

gastroenterologists’ preoperative reports.

Alavi et al. Page 3

Ann Surg Oncol. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Statistical Analysis

For 27 patients with one missing value among the 14 BFI items, the missing value was 

assigned using the average of the patient’s non-missing items from the same subscale. Ten 

cases with ≥2 missing items on the BFI were removed from the analysis. The BFI subscales 

(Frequency, Urgency, and Dietary) were grouped into tertiles (low, medium, high) for 

analysis of subscale results. The number of years between the date of surgery and the date of 

survey was dichotomized into ≤10 or >10 years. Age was dichotomized into <65 or ≥65 

years. The distance of the tumor from the anal verge was dichotomized as ≤6 or >6 cm, 

separating the lower rectum from middle and upper rectum.20

We conducted two types of analyses. For the first type of analysis, we estimated the 

association of predictors with total BFI score using multiple linear regression with total BFI 

score entered as a continuous variable. For the second type of analysis, we estimated the 

adjusted odds ratios (ORs) and 95% confidence intervals (95% CI) for the associations of 

patient, disease, and treatment characteristics with BFI subscales (coded in tertiles) using 

ordinal logistic regression. This model estimated an average adjusted odds ratio that can be 

interpreted as the odds of having a risk factor in the highest tertile of BFI relative to having 

the risk factor in the medium tertile of BFI, as well as medium tertile of BFI relative to the 

lowest tertile of BFI. We used the Score test to evaluate the proportional odds assumption. 

All statistical analyses were performed in SAS® version 9.3.

Results

The number of subjects identified for the primary study was 1119, of which 782 (70%) had 

anastomosis and 337 (30%) had ostomy. The present secondary analysis focused on 674 

eligible patients with an anastomosis who were invited to respond to a mailed survey. 

Another 313 patients who underwent ostomy were also sent the survey, but are not the 

subjects of this study. Of the 674, the number who completed the survey was 394 (response 

rate 58.5%), which is comparable to response rates in other survey research studies. 21 

Among these 394 cases, 10 patients had information missing for 2 or more BFI questions 

and 3 had missing information on the type of surgery (anastomosis). These 13 were 

excluded from the study. Final analysis included 381 anastomosis patients. In our primary 

study 14, we compared responders with non-responders, including both anastomosis and 

ostomy patients. Compared with non-responders, responders were on average 2 years 

younger (p=0.01) and more likely non-Hispanic white (p<0.001). Responders and non-

responders did not differ significantly on time since diagnosis, sex, Hispanic ethnicity, or 

tumor stage.

Characteristics of the Study Population

Characteristics of the study participants are shown in Table 2. Sixty-five percent of the 

population was under age 65 at surgery, and 57% were male. The tumor was within 6 cm of 

the anal verge for 20% of participants; 35% had radiation therapy, and 17% had a temporary 

ostomy. The mean number of years since surgery was 12.4. About half of the participants 

were ever smokers, and 29% used opiates in the year prior to survey.
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Bowel Function Scores

Responses to the 14 bowel function questions are shown in Figure 1. Twenty percent of the 

patients reported 6 or more bowel movements in 24 hours, and 10% reported never being 

able to wait 15 minutes before using the toilet. Forty-one percent reported having soilage 

during the day at least sometimes; 19% always used pads in case of stool leakage; and 39% 

reported altering their activities at least sometimes. The total BFI score ranged from 31 to 

70, with higher scores representing better function. The average total BFI score was 53, with 

a standard deviation [SD] of 9. The average scores for the subscales were as follows: 

Frequency (average 22.7; SD 4.1), Urgency (average 15.6; SD 3.7), and Dietary (average 

14.4; SD 3.4).

Associations with Total BFI Score

Table 3 shows the adjusted differences in mean total BFI score in relation to patient and 

treatment characteristics. The reference group was defined as those with none of the risk 

factors identified in Table 3. Key characteristics of patients in the reference group included 

no history of radiation for their rectal cancer, tumor located >6 cm above the anal verge, no 

temporary ostomy, no history of smoking and localized stage of tumor. Among the patients 

in the reference group, the mean total BFI score was 66.2 (95% CI, 60.8 to 71.7). Initial 

treatment with radiation was associated with an average 5.3-unit lower total BFI score 

(p<0.0001). In other words, a person in the reference group had a total BFI score of 66.2, 

while a person who differed only by exposure to initial treatment with radiation had a total 

BFI score of 60.9. Tumor distance ≤6 cm (compared with >6 cm) was associated with a 3.2-

unit lower average total BFI score (p<0.01). Similarly, a history of temporary ostomy 

(compared with none) was associated with a 4.0-unit lower average total BFI score (p<0.01). 

A history of ever smoking, which was measured at the time of survey, was also associated 

with worse bowel function score, by 2.3 units (p<0.05). The variables listed in Table 3 

explained 20% of variation in the total BFI scores.

Associations with Frequency, Urgency, and Dietary Subscales

Adjusted associations of patient, disease, and treatment characteristics with each of the three 

BFI subscales are provided in Table 4. A worse score on the Frequency subscale was 

significantly associated with Asian race as compared to white race, initial treatment with 

radiation, and history of a temporary ostomy. A worse score on the Urgency subscale was 

significantly associated with receiving radiation, distance of tumor from anal verge, 

temporary ostomy, regional stage of tumor and smoking history. A worse score on the 

Dietary subscale was significantly associated with gender, radiation, tumor distance, and 

smoking history.

DISCUSSION

We sought to characterize bowel function in long-term rectal cancer survivors with 

anastomosis, and to identify risk factors for poor bowel function. We observed that the total 

BFI score averaged 53, relative to the range of 31 (worst function) to 70 (best function), with 

a standard deviation of 9. Factors associated with reduced total BFI score included initial 

treatment with radiation, tumor distance ≤6 cm, a history of temporary ostomy, and a history 
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of ever smoking. The regression model explained about one-fifth of the variation in the total 

BFI score among study participants.

Synthesis of this study with past reports is difficult because of differences in the definition of 

poor bowel function. We used the Memorial Sloan-Kettering Bowel Function Index because 

it was the only validated instrument available at the time we planned our survey. Study 

populations differ as well, with respect to the year of surgery, type of surgery, time since 

surgery, and presence of comorbidities. Downing and colleagues22 obtained self-reported 

outcomes from >3,000 rectal cancer patients with anastomosis seen in England during 2010–

2011 surviving at least 12 months. Thirteen percent of patients reported having no control of 

their bowels, 10% a little control, and 17% moderate control, with 60% reporting quite a bit 

or very much control. In a cohort of 399 patients randomized to total mesorectal excision 

with or without preoperative radiotherapy (1996–99) and followed for 5 years, fecal 

incontinence was reported by 62% of patients who had radiotherapy and 39% of patients 

those who did not (p<0.001).23 Wells and colleagues12 examined the records of 277 rectal 

cancer patients seen at the Auckland City Hospital, 2002–2012. Six bowel symptoms were 

ascertained from review of clinical notes: fecal incontinence, urgency, increased frequency 

(≥4 bowel movements per day), constipation, sensation of incomplete evacuation, and 

changes to stool consistency. The prevalence of having ≥1 of these symptoms was 43% at 5 

years. In multivariate analysis, temporary stoma (65% compared with 29%, p<0.01) and 

tumor distance from the anal verge (>10 vs ≤5 cm: 74% compared with 36%, p<0.01) were 

predictive of the outcome at 4 years after diagnosis. Findings from our study add to our 

understanding of the role of radiation therapy, the location of the tumor, and the occurrence 

of adverse bowel symptoms in long-term rectal cancer survivors.

Two studies have assessed bowel function using the standardized Low Anterior Resection 

Score questionnaire of Emmertsen and colleagues.24 The total possible score ranges from 0–

42, and major bowel dysfunction is defined as a score of ≥30. Ekkarat and colleagues25 

obtained questionnaires from 129 rectal cancer patients seen at a Thai hospital, 2004–2013, 

and had at least 12 months of follow-up. At the time of survey, the prevalence of major 

bowel dysfunction was 28% in those with low anterior resection. In univariate analyses, 

temporary ostomy, chemotherapy, radiation therapy, and the operation (extended low vs. low 

anterior resection) were associated with major bowel dysfunction. Bregendahl and 

colleagues26 evaluated 938 rectal cancer patients who underwent low anterior resection in 

Denmark, 2001–2007. The prevalence of major bowel dysfunction was 41%. In multivariate 

analysis, the use of neoadjuvant therapy, total vs. partial mesorectal excision, younger age, 

and female gender were associated with major bowel dysfunction, as measured using the 

Lower Anterior Resegment Syndrome questionnaire.

Although these studies are difficult to compare, the results we report add to the evidence on 

bowel dysfunction in survivors of rectal cancer treatment. All of the studies observed a 

relatively high prevalence of bowel dysfunction. Moreover, all identified radiation as an 

important risk factor. In addition, studies have been consistent in identifying temporary 

ostomy and tumor distance as risk factors for worse prognosis. Past studies have not 

examined cigarette smoking, which we found to have an association with long-term bowel 
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function. This may be related to chronic comorbid conditions that are associated with 

smoking or to microvascular changes.27

Our study fills a knowledge gap by assessing patients an average 12 years after their surgery. 

These surgeries may not represent contemporary approaches, and we did not have 

information on whether the anastomosis was stapled or hand-sewn, end-to-end, side-to-side, 

or J-pouch. These limitations should be considered when using the data to project future 

outcomes. We recommend that surgical oncologists discuss with patients the possible 

outcomes of an anastomosis with tumors near the anal verge using words from validated 

bowel function questionnaires. Patients should understand the problems of managing poor 

bowel function before they refuse an ostomy.
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SYNOPSIS

The study evaluates the risk factors for reduced long-term bowel function in rectal cancer 

survivors. By studying bowel function in patients with certain disease and treatment 

characteristics, choices on surgical approaches can be optimized.

Alavi et al. Page 9

Ann Surg Oncol. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Distribution of Bowel Function Scores Across 14 Items
*Cutpoints for scores are provided in the footnotes to Table 1.
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Table 1

MSKCCa Bowel Function Index

Over the past 4 weeks…

FREQUENCY

How many bowel movements did you generally have in a 24-hour day?b

How often did you get to the toilet in time?c

How often did you use medicines to decrease the number of bowel movements (drugs like Imodium® or Lomotil ®)?d

How often did you have diarrhea (no form, watery stool)?d

How often did you have loose stool (slight form, but mushy)?d

How often were you able to wait 15 minutes to get to the toilet when you felt like you were going to have a bowel movement?c

URGENCY

How often have you had soilage (leakage of stool) of your undergarments during day?d

How often have you had soilage (leakage of stool) of your undergarments when you go to bed?d

How often did you use a tissue, napkin, and/or pad in your undergarments in case of stool leakage?d

How often have you had to alter activities because of bowel function?d

DIETARY

How often did certain foods that you ate increase your number of bowel movements in a day?d

How often did certain liquids that you drank increase your number of bowel movements in a day?d

How often did limiting the types of solid foods you ate help you to control your bowel movements?d

How often did limiting the types of liquids your drink help you control you bowel movements?d

a
Memorial Sloan-Kettering Cancer Center

b
BM in 24 hours: Best is < 2 and worst is ≥ 6 (intermediate categories: 2, 3, 4–5)

c
Worst is never, best is always

d
Worst is always, best is never

Ann Surg Oncol. Author manuscript; available in PMC 2018 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Alavi et al. Page 12

Table 2

Patient Demographic and Clinical Characteristics in 381 Patients with Anastomosis with an Average 12 Years 

of Follow-up after Surgery.

Patient Characteristics

At time of surgery % At time of survey %

Age at surgery, years Period of surgery

   <65 65    Before 2000 59

   >65 35    2000–2005 41

Gender Years since surgery

   Female 43    5–10 40

   Male 57    ≥10 60

Race/ethnicity Charlson-Deyo Comorbidity

   White 83    ≤2 93

   Asian-American 9    >2 7

   Other 8 Body mass index, kg/m2

Tumor distance from anal verge, cm    <24.9 36

   25.0 – 29.9 36

   >6 80    ≥30 28

   ≤6 20 Use of prescribed opiates

Tumor stage    No 71

   Localized 52    Yes 29

   Regional 47 Physical activity, min/week

   Metastatic or Systemic 1    ≥210.0 32

Temporary ostomy    20.0 – 209.9 32

   No 80    ≤19.9 37

   Yes 20 General health

Chemotherapy    Excellent, very good 46

   No 52    Good 37

   Yes, before surgery 14    Fair, poor 17

   Yes, after surgery 33

Radiation

   No 65

   Yes, before surgery 13

   Yes, after surgery 22

Smoking history

   Never 44

   Ever 56
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Table 3

Adjusted Change in Mean Total BFI Score in Relation to Patient and Treatment Characteristics in 381 Patients 

with Anastomosis with an Average 12 Years of Follow-up after Surgery.

Decline in mean total BFI score 95% CI p value

Age at surgery, years

   <65 Ref*

   ≥65 −0.5 −2.4, 1.3 0.57

Gender

   Male Ref

   Female −0.06 −1.8, 1.7 0.95

Race

   White Ref

   Asian −2.9 −6.2, 0.3 0.08

   Other −1.9 −5.2, 1.3 0.23

Chemotherapy

   No Ref

   Yes 0.76 −1.9, 3.4 0.76

Radiation

   No Ref

   Yes −5.3 −7.7, −3.0 <0.0001

Tumor distance, cm

   >6 cm Ref

   ≤6 cm −3.2 −5.4, −0.9 <0.01

Temporary ostomy

   No Ref

   Yes −4.0 −6.4, −1.7 <0.01

Tumor Stage

   Localized Ref

   Regional −1.5 −3.8, 0.8 0.20

Smoking history

   Never Ref

   Ever −2.3 −4.1, −0.5 <0.05

*
The reference group included younger white men with no cancer treatment, tumors above 6 cm, etc. The mean total BFI in the reference group 

was 66.2 (95% CI, 60.8 to 71.7).
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