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Abstract

Background Readmission has received attention as a potential healthcare quality metric. No studies have investi-
gated the relationship between readmission and survival in patients undergoing rectal cancer surgery. The aims of
this study were to identify factors associated with 30-day readmission after rectal cancer surgery and to determine the
impact of readmission on overall survival (OS).

Methods Patients who underwent surgical treatment for rectal/rectosigmoid adenocarcinoma stages [-IV were
identified using the National Cancer Database (2004—2014). Multivariable logistic regression was used to identify
factors for readmission. 2:1 nearest neighbor caliper matching without replacement was used to ensure similarity of
patients being compared. Survival analyses were performed using Kaplan—Meier method along with log-rank test and
Cox proportional hazards model.

Results Of 110,167 patients, 7045 (6.39%) were readmitted. Factors associated with readmission included higher
Charlson comorbidity score, non-private or no insurance, procedure type, hospitals in the Northeast, South, and
Midwest regions, and prolonged length of stay. Within the matched cohort (13,756 non-readmitted and 6878
readmitted), readmitted patients had worse 5- and 10-year OS regardless of cancer stage (p < 0.001) and procedure
type. Five- and 10-year OS were 58.98% and 41.01% for readmitted patients, 64.96% and 43.50% for non-readmitted
patients. Readmitted patients had shorter OS by 13.14 months and increased risk of mortality (HR 1.20, 95% CI
1.15-1.25, p < 0.001).

Conclusions Thirty-day readmission after rectal cancer surgery is associated with decreased OS. Efforts to reduce
readmissions should be considered to advance cancer care and enhance the potential for improved patient survival.
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Hospital readmission has received considerable attention as
a potential healthcare quality metric. In 2013, the Center of
Medicare and Medicaid Services established the Hospital
Readmission Reduction Program, an initiative that
decreases reimbursements to hospitals with higher than
expected 30-day readmission rates [1]. Though cardiac and
orthopedic procedures are the predominant surgical pro-
cedures being addressed by the HRRP, it is likely that
colorectal surgery procedures will also be included in the
near future [2].
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Readmission after colorectal surgery has been fairly
studied in the literature, with emphasis on determining
factors associated with readmission [3—8]. Recent studies
have reported overall colorectal surgery 30-day readmis-
sion rates of 6-30% [2, 3, 5, 8-10]. Reported factors
associated with readmission include age, comorbidities,
postoperative complications, ileostomy, and non-home
discharge [3, 11-14]. Readmission after rectal cancer-
specific procedures, however, is less well-studied. Several
studies have found socioeconomic and hospital/geographic
factors such as race, insurance status, and cancer treatment
facility type as being associated with readmission after
rectal cancer surgery [15-17]. Though few studies have
attempted to assess the relationship between readmission
and survival after certain gastrointestinal cancer surgeries
[7, 18-20], none to date have addressed this relationship
for patients undergoing rectal cancer surgery. Even fewer
studies have investigated this relationship using a nation-
wide database.

The aims of this study, therefore, were to use the
2004-2014 National Cancer Database (NCDB) to identify
factors associated with 30-day unplanned readmission after
surgical treatment for rectal cancer and to determine the
impact of readmission on overall survival (OS).

Methods
Data source

This was a retrospective analysis using the 2004-2014
NCDB. This nationwide clinical oncology database is
sponsored by the American College of Surgeons and the
American Cancer Society [21]. The NCDB captures over
70% of newly diagnosed cancer patients from more than
1500 Commission on Cancer (CoC) accredited facilities.
This study was approved by The Johns Hopkins University
School of Medicine Institutional Review Board.

Study cohort

Patients diagnosed with clinical stage I-IV rectal adeno-
carcinoma who underwent surgical resection as part of
their treatment were included in the study. Patients who
underwent procedures other than total or partial proctec-
tomies or had incomplete readmission data were excluded.
Patients were stratified into unplanned readmission and no
unplanned readmission groups. The NCDB defines
unplanned readmission as “readmission to the same hos-
pital for the same illness within 30-days of surgical
discharge.”

Factors

Patient demographic factors included age at diagnosis,
gender, race, Spanish/Hispanic ethnicity, education, med-
ian household income, medical insurance status, population
density of patient residence, and distance from patient’s zip
code to location of admitting hospital. Patient education
and income were used as proxy for patient’s socioeco-
nomic status and were estimated by matching patient’s zip
code of residence with the American Community Survey
data. The NCDB reports education as a percentage of no
high school completion with predetermined categories:
<7%, 7-12.9%, 13-20.9%, or >21%. Income was adjusted
for 2012 inflation.

Patient clinical and oncologic factors included Charlson/
Deyo score, clinical stage, grade, procedure type (partial or
total proctectomy), operative approach (available since
2010; laparoscopic, robotic, open, or conversion to open),
radiation therapy, chemotherapy, immunotherapy, hor-
mone therapy, positive nodes, pathologic T and N assign-
ments, tumor size, margins, and length of stay (LOS).
Hospital LOS was categorized as normal (25th—75th per-
centile: 5-7 days for partial proctectomy and 6-8 days for
total proctectomy), shortened (<25th percentile: <4 days
and <5 days, respectively), or prolonged (>75th per-
centile: >8 days and >9 days, respectively).

Hospital factors included hospital type and hospital
geographic region defined by the Census regions and
division of the USA [22].

Statistical analysis

The primary outcome was OS. Baseline characteristics of
patients were compared between readmitted and non-
readmitted groups using Pearson y” test for categorical
variables. Multivariable logistic regression analysis was
used to identify factors associated with readmission and
included variables with p < 0.25 in univariate analysis as
recommended by Hosmer and Lemeshow [23]. To mini-
mize variation in baseline characteristics between read-
mitted and non-readmitted patients, propensity score
matching was performed using Psmatch2, a commonly
used Stata statistical package [24]. 2:1 nearest neighbor
caliper matching without replacement was used to match
patients. This technique minimizes bias due to observed
confounding and lowering of mean square errors [25, 26].
A caliper width of 0.005 was computed by multiplying the
standard deviation of the logit of the propensity score by
0.2 [27]. Twenty-five clinically and/or statistically signifi-
cant variables were included in the propensity score (all
variables in Table 1). Patients that were not matched were
removed. Matching adequacy was verified by examining
the balance of each covariate. Standardized biases of <0.25
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Table 1 Demographic, clinical, and operative characteristics of patients undergoing surgery for rectal cancer

Factor, n (%) Original cohort V4 Matched cohort P
No readmission Readmission No readmission Readmission
103,122 (93.61) 7045 (6.39) 13,756 (66.67) 6878 (33.33)

Demographic factors

Age group, years 0.335 0.912
<50 16,583 (16.08) 1140 (16.18) 2186 (15.89) 1111 (16.15)

50-59 26,458 (25.66) 1742 (24.73) 3462 (25.17) 1698 (24.69)
60-69 27,606 (26.77) 1889 (26.81) 3628 (26.37) 1843 (26.80)
70-79 21,253 (20.61) 1465 (20.79) 2879 (20.93) 1429 (20.78)
>80 11,222 (10.88) 809 (11.48) 1601 (11.64) 797 (11.59)

Male 62,360 (60.47) 4349 (61.73) 0.036 8495 (61.75) 4242 (61.67) 0911

Race <0.001 0.546
White 89,683 (86.97) 6095 (86.52) 11,937 (86.78) 5950 (86.51)

Black 7941 (7.70) 645 (9.16) 1245 (9.05) 638 (9.28)
Other 4643 (4.50) 266 (3.78) 518 (3.77) 253 (3.68)
Unknown 855 (0.83) 39 (0.55) 56 (0.41) 37 (0.54)

Origin <0.001 0.541
Non-Spanish/Hispanic 91,566 (88.79) 6168 (87.55) 12,070 (87.74) 6025 (87.60)
Spanish/Hispanic 5573 (5.40) 376 (5.34) 749 (5.44) 360 (5.23)

Unknown 5983 (5.80) 501 (7.11) 937 (6.81) 493 (7.17)

High school failure rate, % <0.001 0.474
<7.0 23,550 (22.84) 1472 (20.89) 2974 (21.62) 1442 (20.97)

7-12.9 33,819 (32.80) 2300 (32.65) 4494 (32.67) 2252 (32.74)
13.0-20.9 27,022 (26.20) 1893 (26.87) 3622 (26.33) 1838 (26.72)
>21 17,538 (17.01) 1300 (18.45) 2539 (18.46) 1267 (18.42)
Unknown 1193 (1.16) 80 (1.14) 127 (0.92) 79 (1.15)

Median household income, $ <0.001 0.615
>63,000 31,567 (30.61) 1927 (27.35) 3781 (27.49) 1880 (27.33)
62,999-48,000 27,720 (26.88) 1895 (26.90) 3750 (27.26) 1847 (26.85)
47,999-38,000 25,009 (24.25) 1766 (25.07) 3407 (24.77) 1717 (24.96)
<38,000 17,580 (17.05) 1374 (19.50) 2685 (19.52) 1352 (19.66)

Unknown 1246 (1.21) 83 (1.18) 133 (0.97) 82 (1.19)

Insurance type <0.001 0.979

Private 48,161 (46.70) 2988 (42.41) 5840 (42.45) 2916 (42.40)
Medicare 42,934 (41.63) 3082 (43.75) 6010 (43.69) 3011 (43.78)
Medicaid 5602 (5.43) 497 (7.05) 973 (7.07) 484 (7.04)
Other government 1169 (1.13) 60 (0.85) 107 (0.78) 60 (0.87)
Uninsured 3802 (3.69) 292 (4.14) 596 (4.33) 289 (4.20)

Unknown 1454 (1.41) 126 (1.79) 230 (1.67) 118 (1.72)

Patient residence 0.043 0.902
Metro 80,997 (78.54) 5455 (77.43) 10,604 (77.09) 5322 (77.38)

Urban 16,550 (16.05) 1187 (16.85) 2371 (17.24) 1158 (16.84)
Rural 2376 (2.30) 190 (2.70) 374 (2.72) 190 (2.76)
Unknown 3199 (3.10) 213 (3.02) 407 (2.96) 208 (3.02)
Distance to hospital, mi 0.241 0.526

0-5
5-10
10-25
>25

27,442 (26.61)
21,203 (20.56)
26,671 (25.86)
26,639 (25.83)

1944 (27.59)
1476 (20.95)
1759 (24.97)
1787 (25.37)

3782 (27.49)
2921 (21.23)
3363 (24.45)
3567 (25.93)

1883 (27.38)
1447 (21.04)
1706 (24.80)
1764 (25.65)
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Table 1 continued
Factor, n (%) Original cohort P Matched cohort )4
No readmission Readmission No readmission Readmission
103,122 (93.61) 7045 (6.39) 13,756 (66.67) 6878 (33.33)
Unknown 1167 (1.13) 79 (1.12) 123 (0.89) 78 (1.13)
Clinical/oncologic factors
Charlson/Deyo score <0.001 0.971
0 79,821 (77.40) 4999 (70.96) 9742 (70.82) 4860 (70.66)
1 18,270 (17.72) 1541 (21.87) 3022 (21.97) 1518 (22.07)
>2 5031 (4.88) 505 (7.17) 992 (7.21) 500 (7.27)
Grade differentiation 0.006 0.825
Well 8397 (8.14) 527 (7.48) 1102 (8.01) 519 (7.55)
Moderate 70,743 (68.60) 4875 (69.20) 9485 (68.95) 4764 (69.26)
Poor 12,498 (12.12) 911 (12.93) 1766 (12.84) 880 (12.79)
Undifferentiated 1167 (1.13) 91 (1.29) 178 (1.29) 90 (1.31)
Unknown 10,317 (10.00) 641 (9.10) 1225 (8.91) 625 (9.09)
Clinical stage 0.831 0.504
I 31,566 (30.61) 2137 (30.33) 4307 (31.31) 2099 (30.52)
I 28,142 (27.29) 1914 (27.17) 3675 (26.72) 1872 (27.22)
I 35,012 (33.95) 2400 (34.07) 4588 (33.35) 2335 (33.95)
v 8402 (8.15) 594 (8.43) 1186 (8.62) 572 (8.32)
Procedure type <0.001 0.893
Partial proctectomy 71,910 (69.73) 4641 (65.88) 9001 (65.43) 4507 (65.53)
Total proctectomy 31,212 (30.27) 2404 (34.12) 4755 (34.57) 2371 (34.47)
Radiation therapy <0.001 0.410
No 35,879 (34.79) 2549 (36.18) 5122 (37.23) 2498 (36.32)
Yes 66,595 (64.58) 4429 (62.87) 8519 (61.93) 4325 (62.88)
Unknown 648 (0.63) 67 (0.95) 115 (0.84) 55 (0.80)
Chemotherapy <0.001 0.659
No 28,638 (27.77) 2076 (29.47) 4169 (30.31) 2042 (29.69)
Yes 72,564 (70.37) 4807 (68.23) 9292 (67.55) 4688 (68.16)
Unknown 1920 (1.86) 162 (2.30) 295 (2.14) 148 (2.15)
Immunotherapy 0.580 0.502
No 101,445 (98.37) 6922 (98.25) 13,541 (98.44) 6778 (98.55)
Yes 555 (0.54) 37 (0.53) 65 (0.47) 36 (0.52)
Unknown 1122 (1.09) 86 (1.22) 150 (1.09) 64 (0.93)
Hormone therapy 0.242 0.688
No 100,294 (97.26) * 13,381 (97.27) *
Yes 164 (0.16) * 20 (0.15) *
Unknown 2664 (2.58) * 355 (2.58) *
Nodes <0.001 0.618
Negative 60,094 (58.27) 4241 (60.20) 8356 (60.74) 4154 (60.40)
Positive 35,134 (34.07) 2451 (34.79) 4767 (34.65) 2387 (34.70)
Unknown/unexamined 7894 (7.66) 353 (5.01) 633 (4.60) 337 (4.90)
Pathologic T <0.001 0.782
0/1S 4815 (4.67) 374 (5.31) 704 (5.12) 367 (5.34)
I 12,671 (12.29) 870 (12.35) 1757 (12.77) 852 (12.39)
1T 25,766 (24.99) 1803 (25.59) 3592 (26.11) 1764 (25.65)
I 45,749 (44.36) 3138 (44.54) 6075 (44.16) 3062 (44.52)
v 4572 (4.43) 346 (4.91) 689 (5.01) 338 (4.91)
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Table 1 continued

Factor, n (%) Original cohort P Matched cohort P
No readmission Readmission No readmission Readmission
103,122 (93.61) 7045 (6.39) 13,756 (66.67) 6878 (33.33)
Unknown/undetermined 9549 (9.26) 514 (7.30) 939 (6.83) 495 (7.20)
Pathologic N <0.001 0.890
0 57,975 (56.22) 4080 (57.91) 8014 (58.26) 3994 (58.07)
I 22,550 (21.87) 1547 (21.96) 2979 (21.66) 1507 (21.91)
I 12,516 (12.14) 922 (13.09) 1831 (13.31) 898 (13.06)
Unknown/undetermined 10,081 (9.78) 496 (7.04) 932 (6.78) 479 (6.96)
Tumor size, cm 0.594 0.772
<3 27,753 (26.91) 1873 (26.59) 3652 (26.55) 1823 (26.50)
349 30,748 (29.82) 2073 (29.43) 4114 (29.91) 2028 (29.49)
>5 27,662 (26.82) 1941 (27.55) 3826 (27.81) 1908 (27.74)
Unknown 16,959 (16.45) 1158 (16.44) 2164 (15.73) 1119 (16.27)
Margins <0.001 0.635
Negative 93,985 (91.14) 6401 (90.86) 12,570 (91.38) 6263 (91.06)
Positive 7220 (7.00) 569 (8.08) 1078 (7.84) 554 (8.05)
Unknown 1917 (1.86) 75 (1.06) 108 (0.79) 61 (0.89)
Length of stay, days <0.001 0.979
Normal 35,881 (34.79) 2671 (37.91) 5330 (38.75) 2671 (38.83)
Shortened 29,108 (28.23) 1649 (23.41) 3290 (23.92) 1649 (23.97)
Prolonged 27,685 (26.85) 2559 (36.32) 5136 (37.34) 2558 (37.19)
Unknown 10,448 (10.13) 166 (2.36) * *
Hospital factors
Hospital type 0.002 0.230
Community Cancer Program 56,045 (54.35) 3666 (52.04) 7019 (51.03) 3581 (52.06)
Academic/Research Program 32,525 (31.54) 2357 (33.46) 4766 (34.65) 2297 (33.40)
Integrated Network Cancer Program 10,802 (10.47) 756 (10.73) 1499 (10.90) 743 (10.80)
Unknown 3750 (3.64) 266 (3.78) 472 (3.43) 257 (3.74)
Hospital geographic location <0.001 0.586

West
Northeast
South
Midwest

Unknown

19,172 (18.59)
34,984 (33.92)
27,445 (26.61)
17,771 (17.23)
3750 (3.64)

1438 (20.41)

2476 (35.15)

2034 (28.87)
831 (11.80)
266 (3.78)

2811 (20.43)
4741 (34.46)
4102 (29.82)
1630 (11.85)
472 (3.43)

1377 (20.02)

2420 (35.18)

2010 (29.22)
814 (11.83)
257 (3.74)

*Counts suppressed due to one cell having <10 counts. Counts with n < 10 must be suppressed per NCDB

were considered good matches [28]. OS was defined as
time in months from diagnosis to either death or last fol-
low-up date (December 31, 2013). Of note, the NCDB only
provided follow-up data through 2013 diagnoses. Survival
analysis was performed for all patients and for each cancer
stage. Subgroup analysis for each procedure type and
operative approach was also performed. Kaplan—-Meier
method comparing survival curves between readmitted and
non-readmitted patients with log-rank test was utilized.
Cox proportional hazards model was used to examine the
impact of readmission on OS while adjusting for other
factors. Proportional hazards assumption was verified.
Statistical significance was considered as p value < 0.05.
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Statistical analysis was performed with Stata/MP version
14 (StataCorp LP, College Station, TX, USA).

Results
Study cohort

Between 2004 and 2014, the NCDB captured 243,466
rectal cancer diagnoses in the USA. After applying
exclusion criteria, data from 110,167 patients were avail-
able. Of these patients, 7045 (6.39%) had unplanned
readmissions within 30 days of surgery. Readmitted and
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non-readmitted patients differed substantially in baseline
characteristics prior to propensity matching (Table 1).
After 2:1 propensity score matching, all baseline variables
were well-balanced, resulting in 13,756 non-readmitted
and 6878 readmitted patients.

Risk factors for readmission

Twenty-five patient and hospital factors were examined for
potential associations with readmission. In adjusted anal-
ysis of the original cohort, factors most strongly associated
with readmission included Charlson/Deyo comorbidity
score [score O-reference; score 1, Odds Ratio (OR) 1.25,
95% Confidence Interval (CI) 1.17-1.33, p < 0.001;
score > 2, OR 1.41, 95% CI 1.28-1.56, p < 0.001], hos-
pital geographic region (West-reference; Northeast, OR
1.49, 95% CI 1.36-1.64, p < 0.001; South, OR 1.42, 95%
CI 1.30-1.54, p < 0.001; Midwest, OR 1.46, 95% CI
1.34-1.59, p < 0.001), median household income
(>$63,000-reference; $48,000-$62,999, OR 1.10, 95% CI
1.02-1.19, p = 0.009; $38,000-$47,999, OR 1.11, 95% CI
1.02-1.21; <$38,000, OR 1.16, 95% CI 1.04-1.28),
insurance type (private-reference; Medicaid, OR 1.31, 95%
CI 1.18-1.45, p < 0.001; Medicare, OR 1.09, 95% CI
1.02-1.17, p =0.015; uninsured, OR 1.15, 95% CI
1.01-1.30, p = 0.031), prolonged LOS (normal LOS-ref-
erence; OR 1.20, 95% CI 1.13-1.27, p < 0.001), and pro-
cedure type (partial proctectomy-reference; total
proctectomy, OR 1.16, 95% CI 1.10-1.22, p < 0.001)
(Table 2). Several factors associated with decreased odds
of readmission included shortened LOS, chemotherapy,
further distance to index hospital (>25 miles), and age.
Factors significant on unadjusted but not on adjusted
analysis included male sex, black/other race, and no high
school diploma.

Impact of readmission on overall survival

Within the matched cohort, Kaplan—Meier survival curves
with log-rank test demonstrated that patients with unplan-
ned readmissions had worse overall 5- and 10-year OS
compared to patients with no readmissions (p < 0.001 for
both) (Fig. 1). These observations were maintained after
stratifying by clinical stage (Fig. 2a—d). OS rates at 5- and
10-year marks were 58.98% (95% CI: 57.56-60.37 and
41.01% (95% CI: 38.87-43.14) for readmitted patients, and
64.96% (95% CI: 63.99-65.91) and 43.50% (95% CI:
41.95-45.05) for non-readmitted patients. Median survival
for all patients was 94.85 (interquartile range: 37.72,
141.96) months. Median survival for readmitted patients
was 13.14 months shorter than that of non-readmitted
patients (85.03 vs. 98.17 months). Difference in survival
time was 18.14 months in the original, non-matched cohort

Table 2 Factors associated with 30-day readmission after surgery for

rectal cancer

Factor OR (95% CI) p
Demographic factors
Age group, years
<50 Reference
50-59 0.93 (0.86-1.02) 0.121
60-69 0.91 (0.83-0.99) 0.042
70-79 0.86 (0.77-0.95) 0.004
>80 0.85 (0.75-0.95) 0.006
Male 1.05 (0.99-1.10) 0.080
Race
White Reference
Black 1.05 (0.96-1.15) 0.299
Other 0.91 (0.79-1.03) 0.145
Unknown 0.68 (0.49-0.95) 0.022
No high school diploma, %
<7.0 Reference
7-12.9 1.03 (0.95-1.10) 0.504
13.0-20.9 1.00 (0.91-1.09) 0.921
>21 1.03 (0.93-1.15) 0.518
Unknown 0.97 (0.24-3.94) 0.961
Median household income, $
>63,000 Reference
62,999-48,000 1.10 (1.02-1.19) 0.009
47,999-38,000 1.11 (1.02-1.21) 0.016
<38,000 1.16 (1.04-1.28) 0.006
Unknown 0.98 (0.30-3.15) 0.968
Insurance type
Private Reference
Medicare 1.09 (1.02-1.17) 0.015
Medicaid 1.31 (1.18-1.45) <0.001
Other government 0.91 (0.70-1.19) 0.484
Uninsured 1.15 (1.01-1.30) 0.031
Unknown 1.38 (1.14-1.66) 0.001
Patient location
Metro Reference
Urban 1.08 (1.00-1.17) 0.049
Rural 1.21 (1.03-1.42) 0.021
Unknown 1.01 (0.85-1.20) 0.881
Distance to hospital, mi
0-5 Reference
5-10 1.00 (0.93-1.07) 0.969
10-25 0.95 (0.88-1.02) 0.137
>25 0.85 (0.79-0.92)  <0.001
Unknown 1.08 (0.49-2.39) 0.839
Clinical/oncologic factors
Charlson/Deyo score
0 Reference
1 1.25 (1.17-1.33)  <0.001
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Table 2 continued

Table 2 continued

Factor OR (95% CI) P Factor OR (95% CI) P
>2 1.41 (1.28-1.56) <0.001 Length of stay, days
Grade differentiation Normal Reference
Well Reference Shortened 0.78 (0.74-0.84) <0.001
Moderate 1.09 (1.00-1.21) 0.050 Prolonged 1.20 (1.13-1.27)  <0.001
Poor 1.14 (1.02-1.28) 0.020 Unknown 0.22 (0.19-0.26)  <0.001
Undifferentiated 1.14 (0.90-1.44) 0.271 Hospital factors
Unknown 1.02 (0.91-1.15) 0.723 Hospital type
Clinical stage Community Cancer Program Reference
I Reference Academic/Research Program 1.06 (1.00-1.13) 0.034
11 1.12 (1.01-1.24) 0.027 Integrated Network Cancer Program  1.03 (0.95-1.12) 0.472
i 1.12 (0.98-1.27) 0.088 Unknown 1.48 (1.26-1.73)  <0.001
1A% 1.13 (0.98-1.30) 0.086 Hospital geographic location
Procedure type West Reference
Partial proctectomy Reference Northeast 1.49 (1.36-1.64) <0.001
Total proctectomy 1.16 (1.10-1.22)  <0.001 South 1.42 (1.30-1.54) <0.001
Radiation therapy Midwest 1.46 (1.34-1.59) <0.001
No Reference Unknown -
Yes 1.04 (0.96-1.13) 0.301 OR odds ratio, CI confidence interval
Unknown 1.39 (1.05-1.83) 0.021 Adjusted for factors with p < 0.25 in the unadjusted analysis
Chemotherapy
No Reference
Yes 0.90 (0.82-0.98) 0.017
Unknown 1.04 (0.87-1.24) 0.683
Hormone therapy 21
No Reference o«
Yes 0.60 (0.28-1.28) 0.187 s ©
Unknown 1.06 (0.91-1.24) 0.424 % @
Pathologic T 2
0/1S Reference 'g S
I 0.96 (0.82-1.11) 0.560 §- o
I 0.93 (0.81-1.06) 0.296 a e
I 0.83 (0.74-0.94) 0.003 8 | Log-rank: 60 mo and 120 mo p<0.001
v 0.84 (0.71-0.99)  0.039 O 12 24 36 48 60 72 84 96 108 120
Unknown/undetermined 0.94 (0.79-1.13) 0.526 Number at risk Months from diagnosis
Pathologic N PEE ISR MR EET LD B
0 Reference
I 0.98 (0.88-1.10) 0739 | T No Readmission Readmission
I 1.03 (0.92-1.17) 0.528 Fig. 1 Kaplan—Meier overall survival curves for surgical rectal
Unknown/undetermined 0.75 (0.65-0.87)  <0.001 cancer patients who were readmitted compared with those who were
Tumor size, cm not readmitted (matched cohort)
<3 Reference
3-4.9 0.96 (0.90-1.03) ~ 0.295  (87.98 vs. 106.12 months). Cox proportional regression
>5.0 0.99 (0.92-1.06) 0.679 analysis produced similar results, with readmitted patients
Unknown 1.05 (0.97-1.14) 0.227  at increased risk of mortality on unadjusted [Hazard Ratio
Margins (HR) 1.26, 95% CI 1.21-1.32, p < 0.001] and adjusted
Negative Reference analyses (HR 1.20, 95% CI 1.15-1.25, p < 0.001)
Positive 1.11 (1.01-1.22) 0.033 (Table 3). OS continued to be significantly worse for
Unknown 0.86 (0.68-1.09) 0.207  readmitted patients even after stratifying by cancer stage.
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Fig. 2 a-d Kaplan—Meier overall survival curves by disease stage for surgical rectal cancer patients who were readmitted compared with
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In subgroup analysis, OS was evaluated for procedure
type and surgical approach. In the matched cohort, 5- and
10-year OS was significantly worse for patients readmitted
after partial proctectomy or total proctectomy (p < 0.001)
(Fig. 3a-b). Five-year unadjusted OS was significantly
worse for readmitted patients after laparoscopic
(p = 0.009) and open procedures (<0.001), but not after
robotic (p = 0.972) and conversion to open (p = 0.814).
However, adjusted Cox proportional regression analysis of
the original cohort demonstrated that only patients after
open procedure (p < 0.001) had increased risk of mortality
when readmitted.

Discussion
Hospital readmission has undergone increased scrutiny.

This is the first study using the NCDB to determine the
impact of 30-day readmission on 5- and 10-year OS in

patients undergoing rectal cancer surgery. Our study
demonstrates that matched cohort patients readmitted
within 30 days after discharge from rectal cancer surgery
had significantly decreased 5- and 10-year OS, with median
survival time 13.14 months less than that of non-readmit-
ted patients. Adjusted Cox proportional regression analysis
of the original cohort showed that readmitted patients had a
1.20 times hazard rate of mortality. Similar findings were
maintained after clinical stage stratification. These findings
suggest that readmission after surgery may have important
implications on survival outcomes for patients with rectal
cancer.

Factors associated with readmission after rectal cancer
surgery in our study are consistent with those reported in
the literature. In our study, sociodemographic factors
including hospital geographic region, household income,
and insurance status were found to impact readmission
after rectal cancer surgery. This is consistent with study
findings that described non-privately insured patients as
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Table 3 Overall survival rates and survival time; Cox proportional hazard models: impact of readmission on overall survival

Models

Readmission status

Matched cohort

5-year OS
% (95% CI)

10-year OS
% (95% CI)

Median (IQR) OS

Months

Original cohort

Adjusted
HR (95% CI)

All patients

Stage

Stage I patients

Stage II patients

Stage III patients

Stage IV patients

Procedure type

Partial proctectomy patients

Total proctectomy patients

No Readmission
Readmission

No Readmission
Readmission
No Readmission
Readmission
No Readmission
Readmission
No Readmission
Readmission

No Readmission
Readmission
No Readmission

Readmission

62.98 (62.18-63.77)
64.96 (63.99-65.91)
58.98 (57.56-60.37)

79.66 (78.16-81.07)
73.57 (71.19-75.78)
68.15 (66.28-69.94)
61.40 (58.69-64.00)
59.70 (57.96-61.39)
55.08 (52.59-57.49)
24.65 (21.76-27.64)
17.48 (13.97-21.31)

66.27 (65.07-67.43)
60.27 (58.54-61.97)
62.55 (60.87-64.17)
56.51 (54.05-58.89)

42.66 (41.41-43.92)
43.50 (41.95-45.05)
41.01 (38.87-43.14)

57.33 (54.38-60.17)
52.73 (48.42-56.84)
43.28 (40.07-46.45)
42.88 (38.77-46.93)
39.01 (36.42-41.58)
38.43 (34.91-41.93)
12.86 (9.97-16.13)
6.33 (3.00-11.39)

46.56 (44.65-48.44)
43.53 (40.99-46.04)
37.89 (35.23-40.55)
36.13 (32.27-40.00)

94.85 (37.72,
98.17 (40.48,
85.03 (32.59,

130.33 (71.43,
129.08 (56.77,
101.19 (47.18,
90.41 (36.01,
82.30 (35.38,
69.68 (30.29,

141.96)
141.04)
141.96)

141.04)
)
)
141.96)
140.32)
*)

30.23 (17.45, 58.18)
28.39 (12.52, 46.55)

106.48 (42.15, 141.04)

90.68 (33.58,1 41.96)
87.59 (38.01, NA)
74.35 (31.15, NA)

Reference
1.20 (1.15-1.25)*

Reference
1.28 (1.16-1.39)°
Reference
1.22 (1.13-1.32)°
Reference
1.15 (1.08-1.24)°
Reference
1.18 (1.07-1.31)°

Reference
1.22 (1.16-1.29)°
Reference
1.16 (1.09-1.25)°

OS overall survival, IQR interquartile range, NA not applicable, HR hazard ratio, CI confidence interval

*Unable to estimate 75th percentile as more than 25% of patients have not died

*Adjusted for age, gender, race, origin, high school failure, household income, insurance, location, distance to hospital, Charlson/Deyo, grade,
clinical stage, procedure type, radiation therapy, chemotherapy, immunotherapy, pathologic T, pathologic N, tumor size, margins, length of

hospital stay, hospital type, and hospital geographic location

"Adjusted for age, gender, race, origin, high school failure, household income, insurance, location, distance to hospital, Charlson/Deyo, grade,
procedure type, radiation therapy, chemotherapy, immunotherapy, pathologic T, pathologic N, tumor size, margins, length of hospital stay,

hospital type, and hospital geographic location

“Adjusted for age, gender, race, origin, high school failure, household income, insurance, location, distance to hospital, Charlson/Deyo, grade,
clinical stage, radiation therapy, chemotherapy, immunotherapy, pathologic T, pathologic N, tumor size, margins, length of hospital stay, hospital

type, and hospital geographic location

having significantly worse 30-day morbidity rates, read-
mission, ICU stay, and LOS following rectal cancer sur-
gery [15]. That hospital geographic region was associated
with readmission may be due to healthcare resource
availability. Several studies have investigated the associa-
tion of readmission and the postdischarge environment,
with patients living in low healthcare resource areas having
higher risk of readmission [17, 29]. One study utilizing the
NCDB demonstrated that geographic access to rectal can-
cer care may impact whether a patient receives radiation
therapy for stage II/III rectal cancer; patients living in areas
with limited resource availability were less likely to receive
radiation therapy, as that necessitated the need to travel
greater distances to receive care [30, 31]. Such geographic
barriers may not only hinder access to cancer care, but may
also reduce adherence to cancer guidelines. Clinical or
hospital-level factors associated with increased odds of
readmission in our study included positive margins,
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prolonged LOS, and academic/research hospitals—all
factors that can be attributed to increased complication
rates, complexity of disease, and recurrence rates.

Interestingly, shortened LOS and further distance to
index hospital were associated with decreased odds of
readmission. We hypothesize that patients with shortened
LOS did well during their postoperative stay and were
therefore more likely to be discharged from the hospital
sooner. Some studies have found that longer LOS may be
associated with increased odds of readmission due to more
complicated perioperative course [19]. Though patients
residing further away from the index hospital may appear
to have decreased odds of readmission, they may actually
have been readmitted to hospitals closer to their residence,
which would not have been captured by the NCDB. In fact,
increased travel distance to hospital has been found to be
associated with increased readmission after major cancer
surgery [32].
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Despite studies on readmission after surgery, the rela-
tionship between readmission and survival following can-
cer resection has not been well elucidated. Of existing
studies, readmission has been associated with poorer sur-
vival outcomes following lung cancer [33], gastric cancer
[20], and colon cancer [18] surgeries. One study showed
that 30-day readmission after colectomy for colon cancer
was associated with 2.44 times increased odds of 1-year
mortality in readmitted versus non-readmitted patients [7].
Interestingly, another study showed that readmission after
colorectal cancer resection (of which 41.3% were rectal
cancer patients) alone did not significantly impact 5-year
OS [34, 35]. As the authors noted, their study may have
been limited by sample size and lack of additional onco-
logical factors. Our study differs from the aforementioned
study by including potential differences in cancer care
practice and resource utilization.

Our study demonstrated statistically significantly
decreased 5- and 10-year OS on Kaplan—Meier analysis
and log-rank test for patients readmitted within 30 days
after discharge from rectal cancer surgery, even after
stratifying by clinical stage and performing subgroup
analyses for procedure type and surgical approach. Median
survival time was 13.14 months less for readmitted
patients. Readmitted patients may have delayed adjuvant
therapy initiation, resulting in potentially decreased tumor
control, higher local recurrence rate with pelvic sepsis, and
higher risk of micrometastases. In some studies, postop-
erative complications and readmissions were risk factors
for delayed chemotherapy, and patients who received
chemotherapy >8 weeks postoperatively had worse dis-
ease-free and OS [36]. Patients undergoing rectal cancer
surgery may be readmitted for reasons such as wound

infection, dehydration, anastomotic leak, and pelvic sepsis.
These complications may increase local recurrence rates
and decrease survival. Given that 30-day readmission was
an independent predictor of OS after rectal cancer surgery,
efforts to reduce readmission for this specific patient pop-
ulation should be highly considered. Preventing and
reducing readmissions after rectal cancer surgery may
improve long-term patient outcomes by reducing delays in
adjuvant chemotherapy while decreasing financial burdens
placed on the healthcare system.

Our study is subject to limitations relating to the data
available in the NCDB. Although 2:1 caliper nearest
neighbor matching without replacement resulted in excel-
lent covariate balance between readmitted and non-read-
mitted patients, the potential for unmeasured confounders
could have influenced our findings. Several variables
known to have significant effects on readmission such as
non-cancer-related comorbidities were not available in the
NCDB. We attempted to account for this by including the
Charlson/Deyo score in our matched and Cox proportional
hazards regression analyses, in addition to other patient and
clinical characteristics. Additional limitations include the
lack of information on disease-free or cancer-specific sur-
vival and specific chemotherapy regimens. In terms of
unplanned readmission, the NCDB only captures read-
mission to the index hospital. Our reported readmission
rates after rectal cancer surgery were therefore more likely
conservative estimates. Furthermore, reasons for readmis-
sion are not available in the NCDB, nor is data determining
completion or delays of appropriate stage adjuvant therapy.
Nevertheless, overall survival rates may be reduced to
some extent due to complications leading to readmissions.
Such complication-related deaths are therefore likely to
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impact overall survival. The numerous strengths of the
NCDB overcome the weaknesses otherwise found in
administrative/billing datasets, including more detailed
information on specific clinical cancer pathology, treat-
ment, hospital-level factors, and sociodemographic factors.
These positive attributes enable more granular analysis to
be performed.

This study is the first to demonstrate the association of
30-day readmission on poorer 5- and 10-year OS in
patients undergoing surgery for rectal cancer. Our findings
suggest that hospital readmission after surgery may have
important implications on long-term survival outcomes of
rectal cancer patients. Efforts to reduce readmission in this
patient population should therefore be considered to
improve quality of rectal cancer care and enhance overall
patient survival.
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