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Abstract
Purpose Low anterior resection with coloanal anastomosis (CAA) for low rectal cancer is a technically difficult operation with
limited data available on oncologic outcomes. We aim to investigate overall survival and operative oncologic outcomes in
patients who underwent CAA compared to abdominoperineal resection (APR).
Methods The National Cancer Database (2004–2013) was used to identify patients with non-metastatic rectal adenocarcinoma
who underwent CAA or APR. Patients were 1:1 matched on age, gender, Charlson score, tumor size, tumor grade, pathologic
stage, and radiation treatment with propensity scores. The primary outcome was overall survival. Secondary outcomes included
30-day mortality and resection margins.
Results Following matching, 3536 patients remained in each group. No significant differences in matched demographic, treat-
ment, or tumor variables were seen between groups. There was no significant difference in 30-day mortality (1.24% vs. 1.39%,
p = 0.60). Following resection, margins were more likely to be negative after CAA compared with APR (5.26% vs. 8.14%,
p < 0.001). When stratified by pathologic stage, there was a significant survival advantage for individuals undergoing CAA
compared to APR (stage 1 HR 0.72, [95%CI 0.62–0.85], p < 0.001; stage 2 HR 0.76, [95%CI 0.65–0.88], p < 0.001; stage 3 HR
0.76, [95% CI 0.67–0.85], p < 0.001).
Conclusions Patients undergoing CAA compared with APR for rectal cancer have better overall survival and are less likely to
have positive margins despite the technically challenging operation.
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Introduction

It is estimated that there will be 39,910 new cases of rectal
cancer in the USA in 2017, making it one of the most common
cancers [1]. The surgical treatment of distal rectal cancer

includes sphincter preservation with coloanal anastomosis
(CAA) or abdominoperineal resection (APR). Sphincter-
preserving surgery for distal rectal cancer often involves com-
plete or partial resection of the internal sphincter to obtain an
adequate distal margin and then a CAA, where the colon is
anastomosed to the remaining sphincter complex. APR has
historically been the standard of care for distal rectal cancer;
however, there has been a decrease in the rate of APR over the
past decade with a shift towards sphincter preservation. This is
due to a multitude of factors. First, in the past, a 5-cm distal
margin was essential but has been reduced to 1 cm, after
studies showed that recurrence and survival were not signifi-
cantly different with a 1-cm distal margin [2, 3]. Second, the
introduction of neoadjuvant chemoradiotherapy has led to tu-
mor downstaging, which has made sphincter-preserving
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surgery more feasible. Finally, improved preoperative imag-
ing has contributed to more precise operative planning and
better prediction of positive circumferential resection margins
and tumor infiltration [4, 5].

CAA is a technically difficult operation and can be
offered to select patients based on location/stage of tu-
mor, patient comorbidities, and body habitus. During
CAA, preservation of the external sphincter and anal
canal could potentially increase the risk of local recur-
rence due to inadequate distal or circumferential mar-
gins. There are only single institution studies assessing
outcomes after CAA; selection bias and small sample
size limit the generalizability of these studies [6–8].
One retrospective study showed that an R0 resection
could be completed in 97% of patients with a 35% rate
of adverse events including anastomotic leak, hemato-
ma, and fistula, and an 85% 5-year cancer specific sur-
vival [9]. Another study assessing CAA in 40 patients
showed an overall survival rate of 97% with minimal
postoperative complications [10].

There have been a few recent investigations comparing
restorative surgery to APR, and these studies have shown that
APR has worse oncologic outcomes including positive mar-
gins, local recurrence, and survival [11–13]. Yet, other studies
have shown no difference in oncologic outcomes between
APR and restorative surgeries [14–16]. Notably, these studies
have not focused on distal rectal cancers, where the surgical
technique is aimed at preserving the sphincter complex. A few
retrospective reviews have shown that patients undergoing
APR versus CAA for low rectal cancer had worse or no dif-
ference in outcomes. [4, 8, 17].

The aim of this study is to assess oncologic outcomes in
patients undergoing CAA and compare this to patients under-
going APR for distal rectal cancer using a national database. A
better understanding of outcomes for distal rectal cancer may
help guide patient selection and facilitate discussion about
optimal surgical treatment options.

Materials and methods

Data

Data was obtained from the National Cancer Database
(NCDB) Participant Use Data Files from 2004 to 2013. This
database provides nationwide patient oncologic data from
over 1500 cancer programs in the USA. The data are used to
track the malignancies, treatments, and outcomes of more than
34 million deidentified patients. Seventy percent of new can-
cer diagnoses in the USA each year are represented in the
database. The NCDB methodology has been fully described
elsewhere [18].

Patient population

Patients with non-metastatic rectal adenocarcinoma who
underwent elective CAA and APR were identified using the
NCDB (Fig. 1). Patients were 1:1 matched on age, gender,
Charlson score, tumor size, tumor grade, pathologic stage,
and radiation treatment with propensity scores using nearest
neighborhood methodology. The NCDB uses a modified
Charlson score with points for myocardial infarction, conges-
tive heart failure, peripheral vascular disease, cerebrovascular
disease, dementia, chronic pulmonary disease, rheumatologic
disease, peptic ulcer disease, mild liver disease, diabetes,
hemi/paraplegia, renal disease, or acquired immunodeficiency
disease [19]. This study was approved by the Institutional
Review Board.

Study variables

Patient demographics, tumor characteristics, treatment, and
survival data were obtained. The primary outcome was overall
survival. Secondary outcomes include 30 and 90-day mortal-
ity as well as surgical oncologic metrics.

Statistical analysis

Chi-square and Wilcoxon rank-sum tests were utilized for
bivariate analysis. A Cox proportional hazards model was
used to determine the effect of surgery type on survival.
Kaplan–Meier survival estimates were used to predict survival
advantage. p < 0.05was considered significant for all tests. All
statistical analyses were conducted using Statistical Analysis
Software (SAS), (SAS Institute Inc., Cary, NC, USA).

Results

Demographics

There were a total of 172,349 patients with non-metastatic
rectal adenocarcinoma in the NCDB. After matching, a total
of 7072 patients who underwent either CAA or APR for non-
metastatic rectal adenocarcinomawere included. There was an
absence of a statistically significant difference in age, gender,
race, population, income, or Charlson Score between the two
propensity-matched groups (all p > 0.05, Table 1). The major-
ity of patients in both groups were Caucasian, female, and
from metropolitan areas.

Tumor characteristics

There was an absence of a statistically significant dif-
ference in pathologic stage, grade, or tumor size be-
tween the two propensity-matched groups. The majority
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of tumors in both groups was greater than 4 cm and
moderately differentiated. There was no difference in
number of patients in the CAA versus the APR group
who underwent radiation (64.39% vs. 63.91%, p =
0.67).

Clinical outcomes

Margins were more likely to be negative after CAA compared
with APR (5.26% vs. 8.14%, p < 0.001, Table 2). There was
no significant difference in 30- or 90-day mortality (1.24% vs.
1.39%, p = 0.60 for 30-day mortality; 2.57% versus 2.74%,
p = 0.66 for 90-day mortality). Patients who underwent CAA
weremore likely to have longer time to follow-up (49.1 versus
47.7 months, p = 0.01).

Survival

A statistically significant higher number of patients who
underwent CAA were alive at last follow-up when com-
pared to APR (70.50% versus 62.64%, p < 0.001).
Furthermore, there was a significant survival advantage
for individuals undergoing CAA compared to APR
when analyzing data by pathologic stage (stage 1 HR
0.72, [95% CI 0.62–0.85], p < 0.001; stage 2 HR 0.76,
[95% CI 0.65–0.88], p < 0.001; stage 3 HR 0.76, [95%
CI 0.67–0.85], p < 0.001, Fig. 2).

Discussion

At present, rectal cancer is one of the most common cancers in
the USA [1]. Surgical treatment of rectal cancer is common,
and the type of surgery offered often depends on the stage and
location of disease. The number of new rectal cancer cases is
on the rise, and it is important to understand surgical outcomes
for these patients. Prior studies have shown mixed results with
regard to the optimal surgery for rectal cancer, and many of
these studies have not focused on distal rectal cancers [11–16].
This study, designed to determine the difference in overall
survival between patients with low rectal cancer undergoing
CAA versus APR, highlights some important findings.

Our study assessed overall survival of rectal cancer patients
undergoing CAA and APR using a large, multicenter, and
contemporary national database. We found that patients un-
dergoing CAA had better overall survival than patients under-
going APR for all stages of non-metastatic rectal cancer de-
spite CAA being a technically difficult operation. These find-
ings were determined using a matched propensity analysis.

Our results are in accordwith several studies demonstrating
that APR versus restorative resection is associated with worse
overall survival and tumor recurrence [11, 20]. It is also sup-
ported by a study by Silberfein et al., which demonstrated
worse overall survival of low rectal cancer patients with
APR versus CAA [17]. It is possible that APR is associated
with worse overall outcomes for several reasons including the
selection of more advanced tumors, which are more likely to
perforate intraoperatively [21], inability to obtain negative

Fig. 1 Flowsheet of patient selection
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Table 1 Patient characteristics
and outcomes Variable CAA APR

(N = 3536) (N = 3536) p value

Age 1.00
< 40 108 (3.05) 108 (3.05)
40–50 469 (13.26) 464 (13.12)
50–59 947 (26.78) 936 (26.47)
60–69 927 (26.22) 938 (26.53)
70–79 741 (20.96) 747 (21.13)
> 80 344 (9.73) 343 (9.70)

Female 2186 (61.82) 2173 (61.45) 0.75
Race 0.53
White 2991 (84.59) 2980 (84.28)
Black 257 (7.27) 280 (7.92)
Hispanic 137 (3.87) 117 (3.31)
Native American 17 (0.48) 15 (0.42)
Other 104 (2.94) 119 (3.37)

Charlson score 0.87
0 2758 (78.00) 2740 (77.49)
1 613 (17.34) 625 (17.68)
2 165 (4.67) 171 (4.84)

Insurance type < 0.001
None 119 (3.41) 172 (4.95)
Private 1760 (50.37) 1568 (45.10)
Medicaid 163 (4.67) 211 (6.07)
Medicare 1414 (40.47) 1491 (42.88)
Other 38 (1.09) 35 (1.01)

Population 0.06
Rural 62 (1.81) 81 (2.35)
Metropolitan 2783 (81.47) 2732 (79.35)
Urban 571 (16.72) 630 (18.30)

Median distance from facility, miles 11.6 11 0.15
Median income 0.09
< 38,000 613 (17.54) 640 (18.32)
38,000–47,999 870 (24.90) 872 (24.96)
48,000–62,999 938 (26.85) 999 (28.59)
>63,000 1073 (30.71) 983 (28.13)

Pathologic stage 0.72
1 1241 (35.10) 1263 (35.72)
2 976 (27.60) 947 (26.78)
3 1319 (37.30) 1.326 (37.50)

Grade 0.96
Well differentiated 271 (7.66) 260 (2.35)
Moderately differentiated 2858 (80.83) 2865 (81.02)
Poorly differentiated 391 (11.06) 394 (11.14)
Undifferentiated 16 (0.45) 17 (0.48)

Tumor size (mm) 0.95
< 10 165 (4.67) 155 (4.38)
10–20 500 (14.14) 500 (14.14)
20–29 748 (21.15) 766 (21.66)
30–39 696 (19.68) 682 (19.29)
> 40 1427 (40.36) 1433 (40.53)

Radiation therapy 2277 (64.39) 2260 (63.91) 0.67

Table 2 Oncologic outcomes
Variable CAA APR

(N = 3536) (N = 3536) p value

Positive margins 186 (5.26) 288 (8.14) < 0.001

Median positive nodes 0 0 0.35

30-day mortality 44 (1.24) 49 (1.39) 0.60

90-day mortality 91 (2.57) 97 (2.74) 0.66

Median length of follow-up, months 49.1 47.7 0.01

Alive at last follow-up 2493 (70.50) 2215 (62.64) < 0.001
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circumferential margins with APR [13, 22], and lymph node
spread, which may not be adequately treated with APR [19].
Since patients in both surgical groups were matched on demo-
graphics and tumor characteristics to remove this bias from the
results, it is less likely that advanced tumors led to worse
outcomes in the APR group.

Further, we found that patients undergoing APR versus
CAA were more likely to have positive margins. This is in
line with several studies showing that patients undergoing
APR versus restorative surgery are more likely to have posi-
tive circumferential margins; 8.1% of patients in the APR
group had positive margins, which is similar to rates (4–8%)
in other studies showing positive margin rates after APR [6, 8,
23]. The likelihood of local recurrence increases with positive
margins and may contribute to worse overall survival. Several
studies have assessed whether wider margins with an
Bextralevator^ APR could impact local recurrence and surviv-
al. These studies have producedmixed results with some stud-
ies demonstrating decreased rates of circumferential margins
and others showing no difference in margins or survival [24,
25].

The present study has many strengths. The NCDB is a
national dataset that includes large numbers of patients under-
going oncologic procedures and captures a high percentage of
new cases per year. To the author’s knowledge, this is one of
the largest studies specifically assessing oncologic outcomes
after CAAversus APR. Additionally, the American College of
Surgeons and American Cancer Society ensure that the data is
valid with strict procedures and auditing. Our study does have

some limitations. The NCDB does not collect several postop-
erative variables such as complications or tumor recurrence so
we cannot determine from this data the morbidity associated
with each procedure. Further, the database does not contain
some preoperative/operative oncologic data, such as the spe-
cific location of rectal tumors (i.e., distance from the anal
verge) or mesorectal excision technique. Additionally, this
investigation is a retrospective review of prospectively collect-
ed data, and therefore, causality cannot be determined.
Moreover, there is selection bias by surgeons in choosing
one operation over another and we cannot control for this
within the current study; additionally, patients generally had
low Charlson scores and this may not be fully generalizable to
other patient populations undergoing CAA and APR. Finally,
the NCDB only collects overall survival and therefore we
cannot report disease-specific survival.

In conclusion, the results of this study suggest that patients
with non-metastatic rectal cancer undergoing CAA have bet-
ter overall survival than patients undergoing APR. Based on
the results of this study, if it is feasible to perform sphincter
restorative surgery, attempting this operation may not only
lead to greater patient satisfaction but also prolonged survival.
Further, if APR is undertaken, a more aggressive approach
with wider margins or adjuvant therapy may be warranted.
The outcomes from this study contribute to the discussion
around offering optimal surgical treatment options and pro-
viding better informed consent to patients. Further investiga-
tions, with prospective clinical reports, are warranted to assess
survival differences between these two operations.

Fig. 2 Survival by pathologic
stage
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