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Visual Abstract

IMPORTANCE Surgical site infections (SSIs)—especially anastomotic dehiscence—are major
contributors to morbidity and mortality after rectal resection. The role of mechanical and oral
antibiotics bowel preparation (MOABP) in preventing complications of rectal resection is
currently disputed.
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OBJECTIVE To assess whether MOABP reduces overall complications and SSls after elective
rectal resection compared with mechanical bowel preparation (MBP) plus placebo.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, double-blind, placebo-controlled
randomized clinical trial was conducted at 3 university hospitals in Finland between March 18,
2020, and October 10, 2022. Patients aged 18 years and older undergoing elective resection
with primary anastomosis of a rectal tumor 15 cm or less from the anal verge on magnetic
resonance imaging were eligible for inclusion. Outcomes were analyzed using a modified
intention-to-treat principle, which included all patients who were randomly allocated to and
underwent elective rectal resection with an anastomosis.

INTERVENTIONS Patients were stratified according to tumor distance from the anal verge and
neoadjuvant treatment given and randomized in a 1:1 ratio to receive MOABP with an oral
regimen of neomycin and metronidazole (n = 277) or MBP plus matching placebo tablets

(n = 288). All study medications were taken the day before surgery, and all patients received
intravenous antibiotics approximately 30 minutes before surgery.

MAIN OUTCOMES AND MEASURES The primary outcome was overall cumulative postoperative
complications measured using the Comprehensive Complication Index. Key secondary
outcomes were SSI and anastomotic dehiscence within 30 days after surgery.

RESULTS In all, 565 patients were included in the analysis, with 288 in the MBP plus placebo
group (median [IQR] age, 69 [62-74] years; 190 males [66.0%]) and 277 in the MOABP group
(median [IQR] age, 70 [62-75] years; 158 males [57.0%]). Patients in the MOABP group
experienced fewer overall postoperative complications (median [IQR] Comprehensive
Complication Index, O [0-8.66] vs 8.66 [0-20.92]; Wilcoxon effect size, 0.146; P < .001),
fewer SSls (23 patients [8.3%] vs 48 patients [16.7%]; odds ratio, 0.45 [95% Cl, 0.27-0.77]),
and fewer anastomotic dehiscences (16 patients [5.8%] vs 39 patients [13.5%]; odds ratio,
0.39[95% Cl, 0.21-0.72]) compared with patients in the MBP plus placebo group.
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CONCLUSIONS AND RELEVANCE Findings of this randomized clinical trial indicate that MOABP
reduced overall postoperative complications as well as rates of SSIs and anastomotic
dehiscences in patients undergoing elective rectal resection compared with MBP plus
placebo. Based on these findings, MOABP should be considered as standard treatment in
patients undergoing elective rectal resection.
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olorectal surgery carries a substantial risk of morbid-

ity mainly caused by surgical site infections (SSIs), which

can affect up to one-third of patients.!*> Within the field
of colorectal surgery, the risk of SSIs is higher in rectal sur-
gery, especially if low colorectal or coloanal anastomoses are
fashioned.® In addition to short-term morbidity, postopera-
tive complications may have long-term consequences that in-
crease therisk of cancer metastases or local recurrence.* While
consensus and high-quality evidence regarding the benefits
of prophylactic preoperative intravenous antibiotics exists,>”
there is an ongoing debate as to whether preoperative oral an-
tibiotics are beneficial in reducing the morbidity associated
with rectal resection.

Several retrospective studies from the American College
of Surgeons National Surgical Quality Improvement Program
reignited the debate almost a decade ago and suggested that
mechanical and oral antibiotic bowel preparation (MOABP) is
associated with lower rates of SSIs in colorectal surgery com-
pared with only mechanical bowel preparation (MBP) or no
bowel preparation.®'2 A recent meta-analysis of randomized
clinical trials (RCTs) found an approximately 50% reduction
in SSIs when oral antibiotics are added to bowel preparation
regimens.!®> However, a crucial limitation of the RCTs in-
cluded in the meta-analysis is that outcomes were not re-
ported separately for rectal surgery. Rectal surgery is often pre-
ceded with neoadjuvant radiotherapy or chemoradiotherapy
and, due to higher rates of anastomotic dehiscence especially
in low anastomoses, a protective stoma is often used. While
MBP s not considered necessary in colon surgery, in rectal sur-
gery MBP diminishes SSIs and is widely prescribed.!* These
limitations and the need of RCTs to focus on specific types and
locations of colorectal resections, such as rectal resections, were
also highlighted by a recent review.!®> Furthermore, previous
RCTs focused on SSIs only; however, it is important to evalu-
ate overall cumulative complications, as oral antibiotics might
have unintended adverse consequences.'® The global use of
oral antibiotics prior to colorectal surgery is highly variable.
About 10% of patients undergoing colorectal surgery in Ger-
many receive oral antibiotics, while up to two-thirds of pa-
tients in the US are prescribed MOABP.1”:18

To our knowledge, no high-quality, large, double-blind RCT
assessing MOABP in rectal resection has been published. Be-
cause of variable practices and a lack of high-quality evi-
dence regarding the use of oral antibiotics in rectal surgery, we
designed and carried out the Mechanical Bowel Preparation
and Oral Antibiotics vs Mechanical Bowel Preparation Only
Prior Rectal Surgery (MOBILE2) trial. We hypothesized that
MOABP reduces overall complications after elective rectal re-
section with a colorectal or coloanal anastomosis compared
with MBP alone.

Methods

Study Design

The MOBILE2 trial was a double-blind, placebo-controlled RCT
conducted at 3 large university hospitals in Finland (Helsinki
University Hospital, Turku University Hospital, and Tampere
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Key Points

Question Does mechanical and oral antibiotic bowel preparation
(MOABP) reduce morbidity in patients undergoing elective rectal
resection?

Findings In this randomized clinical trial comparing MOABP with
mechanical bowel preparation (MBP) plus placebo in 565 patients
who underwent elective rectal resection with primary
anastomosis, overall morbidity measured by the Comprehensive
Complication Index was lower in the MOABP group. Rates of
surgical site infection and anastomotic dehiscence were also lower
in the MOABP group.

Meaning Findings of this study suggest that MOABP results in
fewer postoperative complications than MBP alone and should be
the standard regimen in patients undergoing elective rectal
resection.

University Hospital) that serve over 70% of the Finnish popu-
lation. The full trial protocol has been published!® and is pre-
sented in Supplement 1. There were no changes in the study
protocol after the trial started, except for adding a subgroup
analysis for surgical approach (minimally invasive or open sur-
gery) based on peer reviewer comments on the protocol
article.’ The change was made while the trial was still recruit-
ing, and no data analyses had been performed. The research
plan was evaluated by the Finnish National Committee on
Medical Research Ethics and the Finnish Medicines Agency and
was approved by the local ethics committee of Helsinki Uni-
versity Hospital and by each participating centers’ institu-
tional review board. The trial was conducted in accordance with
the principles of the Declaration of Helsinki?® and Good Clini-
cal Practice. The trial was monitored by the Clinical Research
Institute HUCH (HYKS-instituutti Oy; Helsinki, Finland) and
followed the Consolidated Standards of Reporting (CONSORT)
reporting guideline.

Patient Eligibility

Patients scheduled for elective anterior rectal resection (in-
cluding low or ultralow anterior rectal resection) with colo-
rectal or coloanal anastomosis due to a rectal tumor between
March 18, 2020, and October 10, 2022, were eligible for inclu-
sion in the study. Tumors 15 cm or less from the anal verge on
magnetic resonance imaging (MRI) (or on endoscopy if MRI was
not performed) were considered rectal tumors. We used MRI
as the primary method to measure distance from the anal verge.
Additionally, MRI was the modality used for local tumor stag-
ingand computed tomography (CT) was used for assessing po-
tential distant metastases. The exclusion criteria were: (1) emer-
gency surgery, (2) bowel obstruction before the surgery, (3)
ostomy created before rectal surgery, (4) any reason prevent-
ing MBP, (5) allergy to the antibiotics used in the study, (6) age
younger than 18 years, or (7) inadequate ability to under-
stand the study protocol and instructions. Postrandomiza-
tion exclusion criteria were: (1) surgery was not performed, (2)
rectal resection was not performed, or (3) colorectal or coloanal
anastomosis was not created.
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Randomization and Masking

Patients were individually randomized in a 1:1 ratio to receive
either MOABP or MBP plus placebo. The randomization se-
quence was generated via computer using variable block sizes
(4, 6, and 8 patients). Oral antibiotics or placebo tablets were
produced and packed into sealed vials at the Helsinki Univer-
sity Hospital pharmacy’s clinical trials unit. No person out-
side the pharmacy’s clinical trials unit had access to the ran-
domization sequence. The external appearance of the placebo
tablets was made identical to the oral antibiotics. The sur-
geons recruited patients. After the patients gave their written
informed consent, they were given a numbered vial (contain-
ing either placebo or oral antibiotics) per the stratification group
in numerical order. The patient population was stratified ac-
cording to the distance of the lower edge of the tumor from
the anal verge (measured from MRI scans of the rectum or at
endoscopy) and the preoperative treatment they received. Four
stratification groups were created: (1) tumor less than 10 cm
from the anal verge and no preoperative treatment or short-
course radiotherapy (SCRT) with immediate surgery; (2) tu-
mor less than 10 cm from the anal verge and long-course che-
moradiotherapy (LCCRT) or SCRT with a long waiting time or
with chemotherapy before operation; (3) tumor 10 cm or more
from the anal verge and no preoperative treatment or SCRT with
immediate surgery; and (4) tumor 10 cm or more from the anal
verge and LCCRT or SCRT with a long waiting time or with che-
motherapy before operation.

Emergency envelopes with information regarding the al-
location group were available in case this information was sud-
denly needed during treatment. These were not opened dur-
ing the study and thus masking was maintained during the trial.
All those involved in the study were blinded to the allocated
treatment. After all of the data had been collected and veri-
fied, Helsinki University Hospital’s pharmacy clinical trials unit
provided an unmasking list with the allocated groups desig-
nated with letters A and B. Only after the statistical analyses
were performed were the final allocated groups revealed com-
pletely.

Surgical Procedures

For MBP, all patients drank 2 L of polyethylene glycol and at
least 1L of any clear fluid. The MBP could be started 2 days be-
fore surgery at 3 PM and had to be completed by 3 PM on the
day prior to surgery. After completing MBP, patients in the
MOABP group were instructed to take 1 g of neomycinand1g
of metronidazole orally at 3 PM and 11 PM on the day before
surgery; patients in the MBP-only group took identical pla-
cebo tablets at these same times. Neomycin and metronida-
zole were chosen because of their broad spectrum of action and
neomycin’s poor absorbability. Patient compliance was as-
sessed by a preoperative nurse on the morning of the surgery
by asking whether the patient had taken the pills at the speci-
fied times and recording this information in a case report form.
All patients were to receive perioperative prophylactic intra-
venous antibiotics (cefuroxime, 1.5 g, and metronidazole, 500
mg; 3 patients received other antibiotics due to allergy [2 re-
ceived ciprofloxacin and 1 received levofloxacin]) approxi-
mately 30 minutes before surgery. Diverting ostomy was used

jamasurgery.com

Downloaded from jamanetwork.com by University of Turku user on 04/10/2024

Original Investigation Research

in patients with a low colorectal or coloanal anastomosis (<6
cm from anal verge) and was also allowed in patients with a
higher anastomosis in case of a nonsuturable leak in the in-
traoperative air leak test, or if there were any reasons for a sur-
geon to consider a diverting ostomy necessary. At 6 to 8 weeks
after surgery, patients were scheduled to undergo abdominal
imaging with rectally administered contrast medium or a sig-
moidoscopy, and the occurrence of any SSIs, other complica-
tions, reoperations, or death was assessed.

Outcomes

The primary outcome was the Comprehensive Complication
Index (CCI) within 30 days after surgery.?! The CCI is a con-
tinuous measure of cumulative postoperative complication
burden and uses the Clavien-Dindo classification for indi-
vidual complication classification. The CClIis scored from O (no
complications) to 100 (death). As an example, a CCI of 8.7 points
indicates1Clavien-Dindo grade I complication and a CCI of 33.7
pointsindicates 1 Clavien-Dindo grade I1Ib complication. The
secondary outcomes were: (1) SSI within 30 days after sur-
gery, including superficial incisional, deep incisional, and or-
gan or space infections (defined according to the Centers for
Disease Control and Prevention criteria®?) assessed on the ward
by the surgeon responsible for the patient and recorded on a
case report form and the patient’s medical record; during a re-
operation; or, for organ or space infections, froma CT scan in-
terpreted by an expert gastrointestinal radiologist; (2) the num-
ber and classification of anastomotic dehiscence (grade A:
anastomotic dehiscence resulting in no change in patient man-
agement; grade B: anastomotic dehiscence requiring active
therapeutic intervention but no repeat laparotomy; grade C:
anastomotic dehiscence requiring repeat laparotomy or
laparoscopy?®) within 30 days after surgery; (3) length of hos-
pital stay; (4) mortality within 90 days after surgery (any cause);
and (5) the number of patients who received adjuvant treat-
ment divided by the number of patients needing it. The crite-
ria for adjuvant therapy were pathologic nodal positivity, lym-
phovascular invasion, high tumor budding, or high-grade
adenocarcinoma. Anastomotic dehiscence of asymptomatic pa-
tients was defined as extravasation of contrast medium dur-
ing CT as assessed by a radiologist or as a visible fistula cavity
during flexible sigmoidoscopy as assessed by the colorectal sur-
geon. Potential adverse effects of antibiotics were recorded.

Statistical Analysis

The sample size calculation was based on the baseline risk of
deep incisional and organ or space SSIs in anterior rectal re-
sections performed at Helsinki University Hospital between
2005 and 2011 (approximately 13%)?* and in our group’s pre-
vious trial that recruited patients for colon surgery (the MO-
BILEL1 trial; approximately 6% to 8%).2> The mean (SD) CCls
in the 2 groups in the MOBILEI trial were 9 (16) points and 10
(13) points. Therefore, we estimated that both the CCI and SD
would be higher in patients undergoing rectal surgery than in
those undergoing colon surgery. The sample size was calcu-
lated with the aim of showing a difference of 5 CCI points be-
tween the 2 groups (hypothesis: a mean [SD] 12.5 [18] points
in the MOABP group and 17.5 [18] points in the MBP plus pla-
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Figure. CONSORT Flow Diagram

765 Patients assessed for eligibility

155 Excluded

56 Met exclusion criteria
3 Had bowel obstruction
31 Had ostomy
3 Started MBP outside the prespecified timeframe
1 Received different bowel preparation
18 Unable to cooperate
94 Declined to participate
1 Died before randomization
2 Antibiotic treatment before randomization
2 Surgery outside participating center

610 Randomized )

307 Randomized to MBP plus placebo

303 Randomized to MOABP

19 Excluded
3 Did not undergo surgery
10 Did not have anastomosis
—> 4 Withdrew consent —>
1 Antibiotic treatment other than
study drugs before surgery
1 Protocol violation?

26 Excluded
6 Did not undergo surgery
15 Did not have anastomosis
2 Withdrew consent
1 Antibiotic treatment other than
study drugs before surgery
1 Protocol violation®
1 Died before surgery

MBP indicates mechanical bowel
preparation; MOABP, mechanical and

oral antibiotics bowel preparation.

288 Underwent rectal resection
284 Received allocated intervention
1 Partially received allocated interventionP
1 Did not receive allocated intervention

277 Underwent rectal resection
270 Received allocated intervention
6 Partially received allocated intervention?
1 Did not receive allocated intervention

2 The vial number in 1 patient in each
group was not registered; hence,
the medications that these patients
received were unknown.

2 With missing data on intervention received

v

l ®Only some of the oral antibiotics or

288 Included in modified intention-to-treat analysis ‘

‘ 277 Included in modified intention-to-treat analysis

placebo tablets were taken by the
patient, or only part of the MBP

cebo group). With a power of 90% and a margin of error of 5%,
574 patients needed to be recruited (Wilcoxon-Mann-
Whitney test). About 5% of patients were estimated to be ex-
cluded after randomization, resulting in a final sample size goal
of 604 patients.®

Categorical variables were compared using the x? test, or
Fisher exact test if fewer than 5 cases were expected in a cell.
The effect size for categorical variables was estimated using
oddsratios (ORs) with 95% ClIs. Continuous variables with nor-
mal distribution were reported as means with SDs and were
compared using the ¢ test. Effect size for such variables was
estimated by reporting the difference of means with 95% ClIs.
Continuous variables with nonnormal distribution were re-
ported as medians with IQRs and compared using the Mann-
Whitney U test; effect size was reported as the Wilcoxon ef-
fect size without 95% ClIs. For transparent reporting and to ease
future meta-analyses, means and SDs are also reported for the
primary outcome. With Bonferroni correction, statistical sig-
nificance was set at P < .01 for the secondary outcomes and a
2-sided a = .05 for the primary outcome. Statistical analyses
were performed using SPSS Statistics, version 27.0 (IBM). Pa-
tients with missing data were excluded from analyses of that
particular variable, and missing values were not imputed. The
number of patients with missing values, if any, are stated within
the tables or in the text when reporting the variable. Out-
comes were analyzed using a modified intention-to-treat prin-
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liquid was ingested.

ciple, which included all patients who were randomly allo-
cated to and underwent elective rectal resection with an
anastomosis. Subgroup analyses for primary (CCI) and first sec-
ondary outcomes (SSI) were prespecified and included (1) tu-
mor location, (2) neoadjuvant treatment with LCCRT or SCRT
with chemotherapy or along waiting time before operation (yes
or no), (3) protective ostomy (yes or no), and (4) surgical ap-
proach (minimally invasive or open surgery). With Bonfer-
roni correction, statistical significance was set at P < .003125
for the subgroup analyses.

.|
Results

Between March 18, 2020, and October 10, 2022, 845 patients
in the 3 participating centers were planned to have elective an-
terior rectal resection, and 765 patients were assessed for eli-
gibility. In all, 610 patients were randomly allocated to either
MBP plus placebo or MOABP (Figure). Trial recruitment stopped
once the prespecified sample size was obtained. After exclu-
sions, the modified intention-to-treat analyses included 565
patients, with 277 in the MOABP group (median [IQR] age, 69
[62-74] years; 190 males [66.0%] and 98 females [34.0%]) and
288 patients in the MBP plus placebo group (median [IQR] age,
70 [62-75] years; 158 males [57.0%] and 119 females [43.0%]).
Patients’ baseline characteristics (Table 1), tumor character-
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Table 1. Baseline Characteristics of Patients in the MOABP and MBP Plus Table 1. Baseline Characteristics of Patients in the MOABP and MBP Plus

Placebo Groups Placebo Groups (continued)
No. (%)? No. (%)?
MBP plus placebo MOABP MBP plus placebo MOABP
Characteristic (n =288) (n=277) Characteristic (n =288) (n=277)
Age, median (IQR), y 69 (62-74) 70 (62-75) High-risk medication
Sex Aspirin 28(9.7) 25(9.0)
Female 98 (34.0) 119 (43.0) Clopidogrel 8(2.8) 3(1.1)
Male 190 (66.0) 158 (57.0) Warfarin 8(2.8) 5(1.8)
BMI, median (IQR) 25.14 26.12 Low-molecular-weight 4(1.4) 4(1.4)
(22.99-28.40) (23.27-29.18) heparin
Hypoalbuminemia® 59 (21.6)¢ 60 (22.3)¢ Direct oral anticoagulant 14 (4.9) 19(6.9)
Anemia® 94 (32.6) 80 (28.9) 22 Medications that affect 7.4) 4(1.4)
: thrombosis (antithrombotic
CEA, ng/mL 2.00 (1.2-3.5) 2.20(1.3-5.0)° or anticoagulant)
Smoker 44 (15.3)" 30(10.9) Immunosuppressive 9(3.1) 6(2.2)
. ; medication or corticosteroid
ASA physical status score'
NSAID 4(1.4) 1(0.4)
1 8(2.8) 9(3.2)
No high-risk medication 206 (71.5) 210(75.8)
2 122 (42.4) 113 (40.8)
Previous abdominal or inguinal 132 (45.8) 126 (45.5)
3 143 (49.7) 146 (51.6) operation
4 15(5.2) 9(3.2) Abbreviations: ASA, American Society of Anesthesiologists; ASO,

arteriosclerosis obliterans; BMI, body mass index (calculated as weight in
kilograms divided by height in meters squared); CEA, carcinoembryonic

Comorbidities

Coronary disease (not 20(6.9) 26 (9.4) antigen; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular
infarction) accident; MBP, mechanical bowel preparation; MOABP, mechanical and oral
Hypertension 93 (32.3) 114 (41.2) antibiotics bowel preparation; NSAID, nonsteroidal anti-inflammatory drug; TIA,
Myocardial infarction 8(2.8) 8(2.9) transient ischemic attack.

. . Sl conversion factors: To convert CEA from nanogram per mililiter to microgram
Congestive heart failure 10(3.5) 6(2.2) per liter, multiply by 1; to convert albumin to grams per liter, multiply by 10; to
Atrial fibrillation 28(9.7) 27(9.7) convert hemoglobin from grams per deciliter to grams per liter, multiply by 10.
ASO 6(2.1) 5(1.8) Patients with missing data for each variable were not included in calculations.

®Hypoalbuminemia defined as an albumin level less than 3.6 g/dL.
CVAor TIA 14 (4.9) 12 (4.3)
- - © Data missing for 15 patients.
Hemiplegia 1@y 0 dData missing for 8 patients.
Dementia 2(0.7) 3(1.1) € Anemia defined as a hemoglobin level less than 11.7 g/dL in females and less
COPD or asthma 14 (4.9) 25(9.0) than13.4 g/dL in males.
£ - — . . _ )
e s— 72.4) 4(1.4) Data missing for 5 patients; only patients with rectal cancer (n = 261) included.
. 8 Data missing for 3 patients; only patients with rectal cancer (n = 250)
Diabetes included.
Without complications 35(12.2) 45 (16.2) " Data missing for 1 patient.
With complications 3(1.0) 3(1.1) ' Scores range from 1to 4, with 1indicating a healthy patient and 4 indicating a

. . patient with severe systemic disease that is a constant threat to life.
Liver disease

) Scores range from O to 29, with higher scores indicating greater severity.

Mild 1(0.3) 2(0.7)
Moderate or severe 1(0.3) 0
Eids';%f;)sease (moderate 4(1.4) 6(2.2) istics (Table 2), neoadjuvant treatments (Table 2; eTable 3 in
: Supplement 2), and operative details (Table 3) were similar be-
Ventricular ulcer 0 1(0.4) . R ..
tween the 2 groups. All patients received preoperative intra-
Cancer R (EA) s venous antibiotics and the timing of their administration be-
Metastatic malignancy 20(6.9) 14(5.1) fore incision was similar between the groups (Table 3). One
No comorbidities 20 (6.9) 21 (7.6) patient in the MOABP group and 2 patients in MBP plus pla-
Charlson Comorbidity Index cebo group did not undergo preoperative MRI.
Mild (0-2) 198 (68.8) 187 (67.5) .Patients 11.1 th.e MOAB..P group had fewer overall pF)stop-
Moderate (3-4) 62216) 68 (24.6) e.ratlve. complications (primary outcome) c.:ompared with pa-
tients in the MBP plus placebo group (median [IQR] CCI, O [O-
Severe (=5) 28(9.8) 22(7.9)

8.66] vs 8.66 [0-20.92]; Wilcoxon effect size, 0.146; P < .001)
Score, median (IQR) 2.0(2.0-3.0) 2.0(2.0-3.0) (Table 4). A detailed list of all complications is shown in eTable 1
(continued)  in Supplement 2. In total, 155 (56.0%) patients in the MOABP

group and 134 patients (46.5%) in the MBP plus placebo group
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Table 2. Rectal Tumor and Neoadjuvant Therapy Characteristics of Patients in the MOABP and MBP Plus

MOABP (n = 277)

Placebo Groups
No. (%)?
Characteristic MBP plus placebo (n = 288)
Benign tumor 27 (9.4)
Rectal cancer TNM classification
No. of patients® 261
TO/Tx 7.7)
T1-T2 58 (22.4)
T3 131 (50.6)
T4 63 (24.3)°
NO 114 (44.0)
N1 91(35.1)
N2 54 (20.8)¢
MO 248 (95.0)
M1 13(5.0)
Rectal cancer stage
No. of patients® 261
1 53 (20.5)
2 59 (22.8)
3 134 (51.7)
4 13 (5.0)f

Tumor height at endoscopy, median (IQR), cm
Tumor height at MRI, median (IQR), cm

10.0(7.0-12.0)¢
8.35 (6.5-10.5)'

Neoadjuvant treatment
None 167 (64.0)
Short-course radiotherapy 39(14.9)
Short-course radiotherapy with long waiting time 2(0.8)
Long-course chemoradiotherapy 50(19.2)
Short-course radiotherapy and chemotherapy 1(0.4)
Chemotherapy only 2(0.8)

27 (9.7)
250
8(3.2)
59 (23.7)
114 (45.8)
68 (27.3)¢
97 (38.8)
98 (38.2) Abbreviations: TNM, tumor, nodes,
55 (22.0 and metastases; MBP, mechanical
(22.0) bowel preparation; MOABP,
238(95.2) mechanical and oral antibiotics bowel
12 (4.8) preparation; MRI, magnetic
resonance imaging.
@ Patients with missing data for each
250 variable were not included in
53(21.2) calculations. Some TNM and tumor
45 (18.0) height in MRI data are missing
because MRI was not taken, or
140 (56.0) tumor was not visible during MRI.
12(4.8) b Based on preoperative computed
10.0 (7.0-12.0)" tomography (M category) and MRI
8.5 (6.5-10.0) (T and N categories).
< Data missing for 2 patients.
162 (65.7) d Data missing for 1 patient.
€ Data missing for 2 patients.
32(12.8)
f Data missing for 2 patients.
5(2.0)
8 Data missing for 7 patients.
46 (18.4) . .
2008) " Data missing for 4 patients.
’ i Data missing for 8 patients.
3(1.2)

J Data missing for 9 patients.

had no complications. Regarding major complications, 20 pa-
tients (7.2%) in the MOABP group and 40 patients (13.9%) in
the MBP plus placebo group had Clavien-Dindo grade III or
higher complications (P = .01). Similarly, patients in the MOABP
group compared with the MBP plus placebo group experi-
enced fewer SSIs (23 [8.3%] vs 48 [16.7%]; OR, 0.45 [95% CI,
0.27-0.77]) and fewer anastomotic dehiscences (16 [5.8%] vs
39[13.5%]; OR, 0.39[95% CI, 0.21-0.72]) (Table 4). The reduc-
tion in SSIs was mostly due to a decrease in organ and space
SSIs, whereas the rates of superficial and deep incisional in-
fections were similar between the 2 groups (Table 4). Differ-
ences in anastomotic dehiscence were most pronounced for
grade A anastomotic dehiscence, which occurred in 5 pa-
tients (1.8%) in the MOABP group and 22 (7.6%) in the MBP
group (Table 4). All but 1 patient who had grade A anasto-
motic dehiscence had undergone prophylactic proximal di-
version in the primary operation. Two patients with grade A
anastomotic dehiscence (1 in each group) had repeat surgery
due to anastomotic dehiscence more than 30 days after the ini-
tial surgery. Length of hospital stay and rate of necessary ad-
juvant therapy were similar between the 2 groups (Table 4).
Five patients died within 90 days after surgery; death was due
to anastomotic dehiscence and peritonitis in 1 patient and myo-
cardial infarction in 2 patients in the MOABP group, and due
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to aspiration pneumonia in 1 patient and cirrhosis of the liver
with acute kidney injury in another patient in the MBP plus
placebo group. Regarding the potential adverse effects of an-
tibiotics, only 1 Clostridioides difficile infection was reported
in the MOABP group and 1 patient in each group reported nau-
sea after taking tablets. No allergic reactions were recorded.

In the prespecified subgroup analyses, MOABP reduced
overall postoperative complications in patients with low rec-
tal tumors, with no or only SCRT, with protective stoma, or un-
dergoing open surgery (eTable 2 in Supplement 2). Reduction
of overall postoperative complications in patients in the MOABP
group was not demonstrated in the subgroups of patients with
high rectal tumors, with LCCRT, without protective stoma, or
in those undergoing minimally invasive surgery. Finally,
MOABP reduced SSIs in patients with low rectal tumors or with
no or only SCRT, but not in other subgroups (eTable 2 in Supple-
ment 2).

|
Discussion

In this double-blind, placebo-controlled randomized clinical
trial involving patients undergoing elective rectal resection,
MOABP resulted in fewer overall postoperative complica-
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Table 3. Operative Details of Patients in the MOABP and MBP Plus Placebo Groups

Characteristic

No. (%)

MBP plus placebo (n = 288)

MOABP (n = 277)

Anterior resection and anastomosis type
Colorectal anastomosis
Partial TME
Total TME
Coloanal anastomosis
Surgical approach
Open
Laparoscopic
Robotic
Laparoscopic or robotic converted to open
Perioperative details

Timing of preoperative IV antibiotic administration
before incision, median (IQR), min

Duration of operation, median (IQR), min

Estimated intraoperative blood loss, median (IQR), mL

99 (34.4)
165 (57.3)
24(8.3)

217 (75.3)
28(9.7)
34 (11.8)
9(2.8)

26.0(17.0-35.0)

142.5(119.0-186.0)
150.0 (50.0-250.0)*

97 (35.0)
160 (57.8)
20(7.2)

210 (75.8)
26 (9.4)
37 (13.4)
4(1.5)

27.0(18.0-36.0)

143.0(119.0-180.0)

150.0 (50.0-200.0) Abbreviations: IV, intravenous; MBP,

mechanical bowel preparation;

Anastomotic height from anal verge, median (IQR), cm 5.00 (4.0-7.0) 5.0 (4.0-7.0) -
- MOABP, mechanical and oral
Protective loop ostomy antibiotics bowel preparation; TME,
Transversostomy 193 (67.0) 173 (62.5) total mesorectal excision.
Ileostomy 29 (10.1) 23(8.3) @ Data missing for 2 patients; patients
Mo same 66 (22.9) 81(29.2) with missing data were not included

in calculations.

Table 4. Primary and Secondary Outcomes of Patients in the MOABP and MBP Plus Placebo Groups

No. (%) Effect size
MBP plus placebo MOABP Wilcoxon
Outcome (n =288) (n=277) OR (95% CI) effect size P value?
Comprehensive Complication Index”
Mean (SD) 12.3(15.3) 8.3(13.9)
Median (IQR) 8.66 (0-20.92) 0(0-8.66) NA 0.146 <.001
Surgical site infection 48 (16.7) 23(8.3) 0.45(0.27-0.77) NA .003
Superficial incisional 5(1.7) 6(2.2) NA NA
Deep incisional 0 0 NA NA
Organ or space 43 (14.9) 17 (6.1) NA NA
Anastomotic dehiscence® 39(13.5) 16 (5.8) 0.39(0.21-0.72) NA .002
Grade A 22 (7.6) 5(1.8) NA NA
Grade B 5(1.7) 3(1.1) NA NA
Grade C 12 (4.2) 8(2.9) NA NA
Length of hospital stay, median (IQR), d® 6 (5-8)¢ 6 (5-7)° NA 0.050 23
Mortality within 90 d after surgery 2(0.7) 3(1.1) 1.57 (0.26-9.44) NA .68f
No. of patients receiving adjuvant 94/108 (87) 96/110 (87) 0.98 (0.44-2.17) NA .96

treatment/total No. of patients requiring
adjuvant treatment?

Abbreviations: MBP, mechanical bowel preparation; MOABP, mechanical and
oral antibiotics bowel preparation; NA, not applicable; OR, odds ratio.

@ With Bonferroni correction, P < .01 is considered statistically significant for
secondary outcomes.

b Comprehensive Complications Index and length of hospital stay were not
normally distributed, and hence effect size is given as Wilcoxon effect size
(r = Z / [square root of N]) without 95% Cls and the P value is calculated using
Mann-Whitney U test. Wilcoxon effect size of 0.1is considered as a small
effect, 0.3 as a moderate effect, and 0.5 and above as a large effect. The mean
(SD) Comprehensive Complication Index is shown, but no statistical testing for
mean difference was performed as it was not normally distributed.

© Grade A: anastomotic dehiscence resulting in no change in patient’s
management; grade B: dehiscence requiring active therapeutic intervention
but no repeat laparotomy; grade C: anastomotic dehiscence requiring repeat
laparotomy or laparoscopy.

d Data for 1 patient were excluded (died during hospital stay).
¢ Data for 2 patients were excluded (died during hospital stay).
f Fisher exact test.

8The criteria for adjuvant treatment were pathologic nodal positivity,
lymphovascular invasion, high tumor budding, or high-grade adenocarcinoma.

tions than MBP plus placebo (median CCI, O vs 8.66). The dif-
ference between the medians is comparable to 1 Clavien-
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Dindo grade I complication, which corresponds to a CCIscore
of 8.7. While this difference might seem minor, it is important
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to note that the rate of major complications was halved with
MOABP (from 13.9% in the MBP plus placebo group to 7.2% in
the MOABP group). Furthermore, the overall incidence of SSIs,
and specifically anastomotic dehiscences (5.8% vs 13.5%) were
reduced with use of MOABP. No major adverse events associ-
ated with oral antibiotics occurred, and only 1 C. difficile in-
fection was noted. Subgroup analyses suggest that the larg-
est benefit of MOABP may be seen in patients undergoing open
low rectal resection.

To our knowledge, MOBILE?2 is the first high-quality pro-
spective trial comparing MOABP with MBP alone in patients
undergoing elective rectal resection. However, 2 small, un-
derpowered, unblinded RCTs with methodological concerns
that included only patients undergoing rectal resection have
been published.?®2” One of these studies was published 16
years after recruitment, and the other used inappropriate in-
travenous (cephalosporin only) and oral antibiotics (erythro-
mycin and metronidazole). Both studies reported a reduc-
tion of SSIs in patients who received oral antibiotics. In
addition, there are a few large trials comparing MOABP with
MBP alone, but these trials did not report the outcomes of rec-
tal or left-sided anastomoses separately. One trial included a
large number of rectal anastomoses (181 patients) and re-
ported a reduced SSI rate in the MOABP group, but there was
no subgroup analysis with patients undergoing only rectal
resection.?® Two studies with a recruitment period in the 1990s
reported similar results, but did not report data separately for
rectal resections.?%-3° A recent trial in which selective diges-
tive decontamination was used with MBP for left-sided bowel
resections (including rectal resections in 23% of patients) re-
ported fewer infectious complications, but no difference in
anastomotic dehiscences, in the decontamination group.>!
There are also a handful of small trials including different types
and locations of colorectal anastomoses. Although left-sided
anastomoses in these trials usually also include rectal resec-
tions, they also include left-sided colectomies and sigmoid re-
sections, which have different complication risks. For ex-
ample, the subgroup analysis of the MOBILEL trial included
only left-sided colectomies and did not find any difference in
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overall postoperative complications or SSIs in patients in the
MOABP vs the no bowel preparation group.3? Accordingly, a
recent review concluded that the applicability of these re-
sults is limited because most studies include patients under-
going both colon and rectal resections.™ It is likely that pa-
tients with right-sided colectomies, left-sided colectomies, and
rectal resections benefit from different bowel preparation regi-
mens.

Limitations

This study has limitations. First, some groups in the sub-
group analyses were relatively small; thus, the data may suf-
fer from false-negative (ie, typeII) error. Hence, the lack of dem-
onstrated benefit in the subgroup analyses should not be
interpreted as evidence of no benefit in these groups. Sec-
ond, the use of minimally invasive approaches was relatively
uncommon and the use of protective stoma relatively com-
mon. Differences in the rates of these methods may affect out-
comes. The benefit of MOABP might not be as prominent in
minimally invasive surgery as in open surgery or in upper rec-
tal resections, which have a lower risk for SSIs and anasto-
motic dehiscence. Third, patients in both groups received MBP,
which might affect SSI rates. And finally, surgeons reporting
SSIs in their own patients may be considered a limitation, even
though in our double-blinded study, this limitation affects both
groups equally.

.|
Conclusions

The results of this randomized clinical trial indicate that
MOABP resulted in fewer overall postoperative complica-
tions as well as fewer SSIs and anastomotic dehiscences in pa-
tients undergoing elective rectal resection compared with MBP
alone. Based on these findings, MOABP should be considered
as standard treatment in patients undergoing elective rectal
resection. Further follow-up of the patients included in this
trial will shed light on the long-term, especially oncological,
outcomes after MOABP vs MBP.
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