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IMPORTANCE Antibiotics are an effective and safe alternative to appendectomy for managing
uncomplicated acute appendicitis, but the optimal antibiotic regimen is not known.

OBJECTIVE To compare oral antibiotics with combined intravenous followed by oral antibiotics in
the management of computed tomography-confirmed uncomplicated acute appendicitis.

DESIGN, SETTING, AND PARTICIPANTS The Appendicitis Acuta (APPAC) Il multicenter,
open-label, noninferiority randomized clinical trial was conducted from April 2017 until
November 2018 in 9 Finnish hospitals. A total of 599 patients aged 18 to 60 years with
computed tomography-confirmed uncomplicated acute appendicitis were enrolled in the
trial. The last date of follow-up was November 29, 2019.

INTERVENTIONS Patients randomized to receive oral monotherapy (n = 295) received oral
moxifloxacin (400 mg/d) for 7 days. Patients randomized to receive intravenous antibiotics
followed by oral antibiotics (n = 288) received intravenous ertapenem (1g/d) for 2 days
followed by oral levofloxacin (500 mg/d) and metronidazole (500 mg 3 times/d) for 5 days.

MAIN OUTCOMES AND MEASURES The primary end point was treatment success (=65%) for
both groups, defined as discharge from hospital without surgery and no recurrent
appendicitis during 1-year follow-up, and to determine whether oral antibiotics alone were
noninferior to intravenous and oral antibiotics, with a margin of 6% for difference.

RESULTS Among 599 patients who were randomized (mean [SD] age, 36 [12] years; 263
[44%] women), 581(99.7%) were available for the 1-year follow-up. The treatment success
rate at 1year was 70.2% (1-sided 95% Cl, 65.8% to ) for patients treated with oral
antibiotics and 73.8% (1-sided 95% Cl, 69.5% to «) for patients treated with intravenous
followed by oral antibiotics. The difference was -3.6% ([1-sided 95% Cl, =9.7% to «]; P = .26
for noninferiority), with the confidence limit exceeding the noninferiority margin.

CONCLUSION AND RELEVANCE Among adults with uncomplicated acute appendicitis,
treatment with 7 days of oral moxifloxacin compared with 2 days of intravenous ertapenem
followed by 5 days of levofloxacin and metronidazole resulted in treatment success rates
greater than 65% in both groups, but failed to demonstrate noninferiority for treatment
success of oral antibiotics compared with intravenous followed by oral antibiotics.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03236961;
EudraCT Identifier: 2015-003633-10
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ntibiotic therapy is a safe, efficient, feasible, and cost-

effective alternative to appendectomy for patients with

computed tomography (CT)-confirmed uncomplicated
acute appendicitis at short-term and long-term follow-up."> The
World Society of Emergency Surgery 2020 guideline recom-
mended discussing antibiotics as a safe alternative to surgery for
uncomplicated acute appendicitis without appendicolith (high
quality of evidence; strong recommendation).® During the coro-
navirus disease 2019 (COVID-19) pandemic, this was also ac-
knowledged by the American College of Surgeons (COVID-19
Guideline for Triage of Emergency General Surgery Patients).”

In the first APPAC trial, at the 5-year follow-up, 61% of 256
patients who initially presented with uncomplicated acute ap-
pendicitis were successfully treated with antibiotics, and those
who ultimately developed recurrent appendicitis had no ad-
verse outcomes related to the delay in appendectomy.? Qual-
ity of life was also similar after these 2 treatment alternatives.®°
In previous trials, the length of hospital stay for both antibi-
otics and appendectomy has been similar,'© but for antibiot-
ics alone, hospitalization was required to administer broad-
spectrum intravenous antibiotics to ensure patient safety.%:!!
Successful outpatient treatment has since been reported.’? De-
spite prolonged hospitalizations, antibiotic therapy is associ-
ated with significantly lower treatment costs compared with
appendectomy.®* A shorter hospital stay for antibiotic treat-
ment could further enhance cost savings, patient satisfac-
tion, and quality of life. Avoidance of hospitalizations during
the COVID-19 pandemicis also a desirable potential benefit for
the management of appendicitis using oral rather than intra-
venous antibiotics.

The randomized, clinical, multicenter Appendicitis
Acuta II (APPAC 1I) trial was designed to compare oral antibi-
otic monotherapy with a combination of similar-spectrum
intravenous antibiotics followed by oral antibiotics in the
management of CT-confirmed uncomplicated acute appendi-
citis. Given that nonoperative treatment for appendicitis is
now well established based on outcomes from several clinical
trials,»21314 the primary objective of this study was to dem-
onstrate (1) the ability of oral antibiotics alone to manage
acute appendicitis and (2) the noninferiority of oral antibiot-
ics compared with intravenous followed by oral antibiotics.

Methods

Trial Design
This was a randomized, open-label, noninferiority multi-
center trial performed at 9 Finnish hospitals (4 university hos-
pitals [Turku, Oulu, Tampere, and Kuopio] and 5 central
hospitals [Pori, Seindjoki, Jyvaskyld, Mikkeli, and Rovaniemi]).
The trial protocol is available in Supplement 1. All patients gave
written informed consent. The trial protocol was approved by
the ethics committee at the Hospital District of Southwest
Finland and by institutional research boards at each partici-
pating site. The trial was performed in accordance with the
Declaration of Helsinki.

It is well established that nonoperative management
of appendicitis with intravenous antibiotics is a suitable
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Key Points

Question Is treatment with oral antibiotics alone noninferior
to a combination of intravenous and oral antibiotics for
treatment of computed tomography-confirmed uncomplicated
acute appendicitis?

Findings This multicenter randomized clinical trial included 583
adults with uncomplicated acute appendicitis who were treated
with either 7 days of oral moxifloxacin or 2 days intravenous
ertapenem followed by 5 days of levofloxacin and metronidazole.
Treatment success (discharge from hospital without need for
surgery and no recurrent appendicitis within 1year) occurred in
70.2% who received oral antibiotics alone vs 73.8% of patients
who received intravenous followed by oral antibiotics, with the
confidence limit of the difference exceeding the noninferiority
margin of 6%.

Meaning Patients with acute, uncomplicated appendicitis treated
with oral antibiotics alone met the prespecified threshold for
treatment success, but failed to demonstrate noninferiority
relative to systemic antibiotics followed by oral antibiotics.

alternative to appendectomy. The aim of the current study
was to avoid the use of intravenous antibiotics by replacing
them with oral antibiotics. The hypothesis of the current
study was that oral antibiotics were (1) effective alone and
(2) noninferior to intravenous antibiotics for the manage-
ment of uncomplicated acute appendicitis as first-line
therapy in a large prospective patient cohort. Any potential
worse outcomes attributable to the use of oral antibiotics
might offset the need for hospitalization and the use of
intravenous antibiotics for the management of uncompli-
cated appendicitis.!®

Patients

Patients aged 18 to 60 years admitted to the emergency
department with a clinical suspicion of acute appendicitis
and uncomplicated acute appendicitis confirmed by CT
imaging were evaluated for study enrollment. Based on the
research hospital CT device, intravenous contrast-enhanced
CT imaging was performed either by the standard 120 kV
imaging (in patients with body mass index >30), the opti-
mized 100 kV low-dose protocol (in patients with body mass
index <30), or using a CT scanner with tube current modula-
tion (Tampere University Hospital). Uncomplicated acute
appendicitis was defined as having an appendiceal diameter
larger than 6 mm with a thickened, contrast-enhanced wall
along with periappendiceal edema and/or minor fluid col-
lection and the absence of the criteria of complicated acute
appendicitis (presence of appendicolith, perforation,
abscess, or suspicion of tumor). A standardized CT imaging
report was used. The trial inclusion criteria were age 18 to
60 years, diagnosis of uncomplicated acute appendicitis
confirmed by CT imaging, and absence of the criteria of
complicated appendicitis. The exclusion criteria were age
younger than 18 or older than 60 years, pregnancy or lacta-
tion, allergy to contrast media or iodine, allergy or contrain-
dication to antibiotic therapy, kidney insufficiency or serum
creatinine value exceeding the upper reference limit, type 2
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diabetes and use of metformin medication, severe systemic
illness (eg, malignancy, medical condition requiring immu-
nosuppressant medication), inability to cooperate and give
informed consent, or complicated acute appendicitis based
on CT findings.

All patients with acute appendicitis at CT imaging who were
evaluated for enrollment were recorded in the database, and
the aim was to also record all patients undergoing CT imaging
for suspected acute appendicitis.

Randomization and Interventions

Participants were randomized in a 1:1 ratio with random per-
muted blocks of 10 (SAS system for Windows, version 9.4) to
receive either oral moxifloxacin (400 mg once daily) for 7 days
or intravenous ertapenem sodium (1 g once daily) for 2 days
followed by oral levofloxacin (500 mg a day) and metronida-
zole (500 mg 3 times daily) for 5 days, with the first doses of
the randomized treatment administered in the emergency de-
partment. The intravenous followed by oral antibiotic therapy
was selected based on its efficacy and safety in the previous
APPAC trial.? To evaluate a broad-spectrum antibiotic with-
out the need for intravenous administration, once-daily ad-
ministered and commonly accessible moxifloxacin was found
to be a practical choice for the oral antibiotic with proven ef-
ficacy in intra-abdominal infections'®-'” and inclusion in cur-
rent practical guidelines.'® Randomization was stratified by
center by a study statistician.

Minimum follow-up at the hospital was 20 to 24 hours,
depending on the time of day of admission and patient sta-
tus, allowing for administration of 2 intravenous doses. The
clinical condition of the patient was evaluated twice daily,
approximately 12 hours after admission by the on-call sur-
geon. If the patient was suspected of not responding to the
antibiotic therapy, the patient underwent laparoscopic
appendectomy based on the surgeon’s decision and the rea-
sons for proceeding to appendectomy were recorded.

Follow-up

Patient outcomes were assessed daily during hospitalization
and after discharge by telephone interviews at 1 week, 2
months, and 1 year. For patients not reached for telephone
follow-up, electronic hospital records were searched for in-
formation on possible appendectomy or other additional
intervention-associated visits or hospitalizations.

To validate the accuracy of the differential diagnosis
between uncomplicated and complicated acute appendicitis,
all patients were assessed using clinical data and CT findings
for patients with uncomplicated acute appendicitis treated
with antibiotics or additionally for patients undergoing
appendectomy using surgical and histopathological findings.
All clinical diagnoses were assessed in a blinded manner by 2
investigators unaware of the other’s evaluation (S.S. and
J.H.). In cases of disagreement, the clinical diagnosis was
reviewed by a third investigator (P.S.).

Outcomes
The primary end point was treatment success at 1 year,

defined as resolution of acute appendicitis resulting in
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discharge from the hospital without the need for surgi-
cal intervention and no recurrent appendicitis during the
1-year follow-up.

The predefined secondary end points included postinter-
vention adverse events related to antibiotics or appendec-
tomy, with possible postoperative adverse events classified
using the Clavien-Dindo classification (grades 1 to 4),*°
abdominal symptoms, duration of hospital stay, visual analog
scale scores for pain (range, 0-10), and length of sick leave.
All adverse events or symptoms related to antibiotic treat-
ment comparable with grade 1 or higher in the Clavien-Dindo
classification!® for postoperative complications and any
symptoms resulting in discontinuation of the randomized
treatment were classified as antibiotic-associated adverse
events. Cost and quality of life are not reported in this article.
Based on the actual clinical diagnosis, the true primary fail-
ure rate (nonresponders with complicated acute appendicitis
based on surgical findings during the initial hospitalization),
true recurrence rate (acute appendicitis based on histopa-
thology findings after appendectomy for suspected recur-
rence), and primary nonresponder rate (ie, all patients who
underwent appendectomy during the initial hospitalization)
are reported.

Recurrent appendicitis was diagnosed clinically as
determined by the surgeon on-call without repeated CT
imaging or predefined clinical criteria. Patients with sus-
pected appendicitis recurrence underwent laparoscopic
appendectomy based on the study protocol. Surgical finding
and histopathological examination (appendicitis defined as
transmural neutrophil invasion involving the appendiceal
muscularis layer) of the removed appendix were used to
confirm the diagnosis.

Statistical Analysis

Sample size calculations were based on noninferiority tests
for binomial proportion. The success rate was estimated to be
73% for the intravenous followed by oral antibiotic group
during the 1-year follow-up based on the results of the APPAC
trial.! The difference between the groups (oral antibiotic
monotherapy - intravenous followed by oral antibiotics) was
set to zero and the noninferiority margin was set to -6%. The
-6% noninferiority margin was set based on the results of the
APPAC trial (ie, difference between the 1-year treatment suc-
cess of 73% and the lower 95% CI of 67%).! We estimated that
a total of 469 patients would yield a power of 0.9 (1 - ) to
establish whether oral antibiotic monotherapy was noninfe-
rior to intravenous followed by oral antibiotics using a one-
sided significance level of a = .05. With an estimated dropout
rate of 15%, a total of 552 patients (276 patients per group)
needed to be enrolled. The analyses included all randomized
patients (according to their randomization group), with the
exclusion of erroneously randomized patients with
CT-confirmed complicated acute appendicitis and early drop-
outs (Figure 1).

All main statistical analyses were planned in the study
protocol and performed according to statistical analysis
plan (Supplement 2). To explore the possibility of site
effects, a post hoc analysis was conducted using a binomial
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Figure 1. Flow of Patients in a Study of the Effect of Oral Moxifloxacin vs Intravenous Ertapenem Plus Oral Levofloxacin

for Uncomplicated Acute Appendicitis

3512 Adults with suspected acute
appendicitis assessed

-

2909 Excluded
2317 Did not meet inclusion criteria
1403 Complicated acute appendicitis on CT@
292 Younger than 18 y or older than 60 y
215 Unsuitable or lacking diagnostic imaging®
176 Alternative diagnosis on CT¢
97 Normal finding on CT

134 Other exclusion criteria metd

433 Declined to participate

23 Participation in the APPAC IlI trial®
136 Unknown

(" 603 Randomized

302 Randomized to the oral antibiotic
monotherapy group
295 Received intervention as randomized
7 Did not receive intervention
as randomized
6 Excluded due to early consent
withdrawalf
1 Excluded due to randomization
protocol violation9d

301 Randomized to the intravenous followed
by oral antibiotics group
288 Received intervention as randomized
13 Did not receive intervention
as randomized
10 Excluded due to early consent
withdrawalf
3 Excluded due to randomization
protocol violation9d

|

|

295 Eligible for analyses
263 Received oral antibiotic monotherapy
as randomized
32 Did not receive antibiotics as randomized
27 Underwent appendectomy
during primary hospitalization
18 Complicated acute appendicitis
at surgeryh
9 Uncomplicated acute
appendicitis at surgery

288 Eligible for analyses
266 Received intravenous followed by
oral antibiotics as randomized
22 Underwent appendectomy during
primary hospitalization and did not
receive antibiotics as randomized
11 Complicated acute appendicitis
at surgeryh
11 Uncomplicated acute appendicitis
at surgery

5 Received modified antibiotic
treatment!

!

61 Discontinued intervention (appendectomy
due to suspected recurrence)
43 Uncomplicated recurrent acute appendicitis
13 Complicated acute appendicitis
5 Normal appendix; no acute appendicitis

53 Discontinued intervention (appendectomy

due to suspected recurrence)

43 Uncomplicated recurrent acute appendicitis
1 Complicated acute appendicitis
8 Normal appendix; no acute appendicitis
1 Diagnosis unknown; appendectomy abroad

0 Lost to follow-up

2 Lost to follow-up

295 Analyzed for primary outcome ‘ ‘

286 Analyzed for primary outcome

2 Includes appendicolith, perforation, abscess, or suspicion of tumor.

®The majority of these patients underwent ultrasonography examination,
magnetic resonance imaging, or non-contrast-enhanced computed
tomography (CT). Twelve patients underwent an operation without
diagnostic imaging.

€ The alternative diagnoses were as follows: diverticulitis (n = 36), ovarian
mass/cyst (n = 25), colitis (n = 24), pelvic inflammatory disease (n = 12),
mesenterial lymphadenitis (n = 11), pyelonephritis (n = 8), kidney/ureteral
stone (n = 4), bowel obstruction (n = 1), and miscellaneous pathological
findings or suspicion of such (n = 55).

d Additional exclusion criteria were pregnancy, lactation, allergy to contrast media,
kidney insufficiency, use of metformin, systemic illness, and inability to consent.

€ Arandomized, placebo-controlled, double-blind, multicenter trial comparing antibiotic
therapy with placebo in the treatment of uncomplicated acute appendicitis.2®

f Patients who withdrew consent within 24 hours of randomization who
received a maximum of 1dose of the randomized treatment were excluded
from the analyses. Two patients, who withdrew their consent 5 and 7 days
after randomization, were included in the analyses.

8 Patients erroneously randomized despite a finding of complicated acute
appendicitis initially seen on CT imaging were excluded from the analyses
according to the study protocol.

" Operative or histopathological findings of appendicolith, gangrene, perforation,
abscess, or tumor were classified as complicated acute appendicitis.

I One patient in the oral antibiotic monotherapy group mistakenly received the
treatment intended for the intravenous followed by oral antibiotics group. Four
patients received 1dose of moxifloxacin and thereafter cephalexin and
metronidazole (2 due to suspected reactions to moxifloxacin, 1due to lactation, and
1to prevent a possible adverse interaction with the patient’s antidepressant).

generalized linear model with study group as a fixed effect
and study center as a random effect. In addition, a post hoc
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assessment of the time to appendectomy was performed
using a Kaplan-Meier analysis.
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The primary outcome of treatment success was evalu-
ated in 2 stages: (1) rates of success for treatments are greater
than or equal to 65%, judged with the lower limit of 95% CI
and (2) the difference of rates for success (oral antibiotic - com-
bined antibiotics) is less than 6% (noninferiority margin) based
on 1-sided 95% ClIs. CIs were calculated using the Wald method.
A survival analysis with a Wilcoxon test was used to compare
the time from randomization to appendectomy between the
groups. Only 2 patients were lost to follow-up and were ex-
cluded from the primary analyses.

Secondary outcome comparisons between the treatment
groups were performed using Fisher exact tests for categori-
cal variables and independent samples t tests or Mann-
Whitney U tests for continuous variables. Patients with miss-
ing data were excluded from the secondary outcome
comparisons. Because of the potential for type I error due to
multiple comparisons, findings for analyses of secondary
endpoints should be interpreted as exploratory. All continu-
ous variables are presented as mean with SD when normally
distributed and otherwise as median with lower and upper
quartile or range. Assumptions for ¢ tests were checked with
studentized residuals. Two-tailed P values less than .05 were
considered statistically significant for secondary outcomes.
For group differences, 2-sided 95% Cls were calculated.
Statistical analyses were performed using SAS system for
Windows, version 9.4 (SAS Institute, Inc).

.|
Results

From April 2017 through November 2018, a total of 3512
patients with clinically suspected acute appendicitis were
screened and 603 were randomly assigned to receive either
oral moxifloxacin or intravenous ertapenem followed by oral
levofloxacin and metronidazole (Figure 1). After randomiza-
tion, 20 patients were excluded from analysis because com-
plicated acute appendicitis was stated on CT findings prior
to randomization (randomization protocol violation; n = 4)
or because of early patient withdrawal of consent (n = 16)
before receiving actual allocated treatment, leaving 583
patients included in the primary analyses (295 in the oral
antibiotic monotherapy group and 288 in the intravenous
followed by oral antibiotics group). The intended initial
sample size (n = 552)*! was exceeded based on active recruit-
ment in all centers. The number of patients randomized at
each center is shown in eTable 1 in Supplement 3. Baseline
characteristics were similar in the groups (Table 1). The
mean (SD) age of the patients was 36 (12) years, and 263
(43.9%) were women.

Of the 1195 patients with CT-confirmed uncomplicated
acute appendicitis, 569 patients who met all inclusion crite-
ria either declined to participate or were not evaluated for
study enrollment and 23 patients took part in a concurrent
appendicitis trial (the Appendicitis Acuta III double-blind
randomized clinical trial comparing antibiotic treatment
with placebo in the management of uncomplicated acute
appendicitis)?° (ie, 603 of 1172 eligible patients [51.5%]
agreed to be randomized). The baseline characteristics for
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Table 1. Baseline Patient Characteristics in a Study of the Effect
of Oral Moxifloxacin vs Intravenous Ertapenem Plus Oral Levofloxacin
for Treatment of Uncomplicated Acute Appendicitis®

Oral antibiotic Intravenous followed

monotherapy by oral antibiotics
group group
Characteristic (n=301) (n =298)
Sex, No. (%)
Women 137 (45.5) 126 (42.3)
Men 164 (54.5) 172 (57.7)
Age, median (IQR), y 34 (26-45) 33(26-43)
Visual analog scale score 5.2(2.3) 5.3(2.4)
for pain on admission,
mean (SD)°
Body temperature, 37.2(0.6) 37.2(0.6)

mean (SD), °C
Leukocyte count,
median (IQR), x10°/L¢
C-reactive protein,
median (IQR), mg/L®
Neutrophil count,
median (IQR), x10°/L¢
BMI, median (IQR)
Appendiceal diameter
on CT imaging,

mean (SD), mm¢
Duration of symptoms

on admission,
median (IQR), h

12.5(9.4-14.9) 12.2(9.1-14.9)

29.9(11.0-61.0) 34.0(13.0-62.6)
9.4 (6.6-11.9) 9.4 (6.1-11.9)

26.8(24.2-30.1)
10.9 (2.6)

26.4(23.6-30.2)
10.7 (2.4)

18.0(10.0-30.0) 22.0(12.0-30.0)

Abbreviation: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); CT, computed tomography;
IQR, interquartile range.

Sl conversion factor: To convert C-reactive protein to mg/dL, divide by 10.

2 Includes all randomized patients excluding erroneously randomized patients
with complicated appendicitis initially seen on CT imaging.

®Score range, O to 10; a score of O indicates no pain and 10 indicates the worst
possible pain. A total of 324 of 599 patients (54.1%) received some form of
analgesic prior to pain scale score assessment.

< Reference range for leukocyte count is 3.4-8.2 x10°/L; C-reactive protein,
<10 mg/L; and neutrophil count, 1.5-6.7 x10°/L.

9 Defined as the outer to outer surface appendiceal diameter measured from
the widest part of the appendix on the axial plane (ie, perpendicular to the
longitudinal axis). A diameter of 6 mm or smaller was considered normal,
whereas a diameter exceeding 6 mm with signs of acute inflammation
(thickened and enhancing wall and periappendiceal edema and/or minor fluid
collection) was considered pathological.

the nonrandomized eligible population are presented in
eTable 2 in Supplement 3.

The 1-year follow-up rate for the primary outcome was
99.7% (581 of 583 patients); 2 patients moved abroad and were
lost to follow-up and subsequently excluded from the pri-
mary outcome analysis. A total of 72 patients could not be
reached by telephone and information about possible appen-
dectomy for the primary outcome analysis was obtained from
hospital district electronic medical records. The follow-up rates
regarding secondary outcomes are presented in Table 2.

Primary Outcome

Among 295 patients randomized to receive oral antibiotic
monotherapy, 27 patients (9.2%) underwent an appendec-
tomy during the primary hospitalization and an additional 61
patients (20.7%) underwent an appendectomy during the
1-year follow-up, resulting in a treatment success rate of

JAMA Published online January 11,2021

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by Piergiorgio Gigliotti on 01/19/2021

E5


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.23525?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.23525
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.23525?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.23525
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.23525

Research Original Investigation Oral Moxifloxacin vs Intravenous Ertapenem and Oral Levofloxacin for Uncomplicated Appendicitis

Table 2. Outcomes in a Study of the Effect of Oral Moxifloxacin vs Intravenous Ertapenem
Plus Oral Levofloxacin for Treatment of Uncomplicated Acute Appendicitis

E6

Oral antibiotic

Intravenous followed by

Absolute mean

monotherapy group oral antibiotics group difference
Outcome (n=295) (n =288) (95% ClI) P value
Primary Abbreviations: IQR, interquartile
Treatment success 702 73.8 (n = 286) -3.6% (1-sided 260 range; NA, not applicable.
at 1 year, %° 95% Cl, =9.7% to ) 2 Treatment success was defined as
Secondary resolution of acute appendicitis,

Length of primary hospital
stay, median (IQR), h
Length of overall hospital
stay during 1-y follow-up,
median (IQR), h

Visual analog scale score
for pain, median (IQR)¢

28.9(23.0t041.9) 29.9(23.3t043.2)

36.5(24.0t063.1) 35.7 (24.7 t0 58.6)

[n = 286]

discharge from hospital, no need for
surgical intervention, and no
recurrent appendicitis through 1
year of follow-up. Treatment
success was evaluated using
noninferiority analysis.

-0.77 (-3.9t0 2.4) .38

0.68 (-4.2t05.5) 91

®For noninferiority.

Discharge 1.0 (0.0t0 2.0) 1.0(0.0t0 2.0) NAY 91 ©Score range of 0 to 10; a score of O
[n=265] [n=263] indicates no pain and 10 indicates

1 wk 0.0 (0.0t0 0.0) 0.0(0.0t0 0.5) NAY .84 the worst possible pain.
L= 2#E] ln=2z2] 9 Due to similarity of the values in the

d

2 mo 0.0 (0.0t0 0.0) 0.0(0.0t0 0.0) NA .38 2 groups, the absolute differences

[n=262] [n = 248] : :
for visual analog scale score for pain
Length of sick leave, 7.0(3.0t08.0) 7.0(3.0t09.0) 0(-0.70t0 0.70) .42 at discharge, 1week, and at 2

median (IQR), d

Figure 2. Time to Appendectomy After Initial Treatment in a Study
of the Effect of Oral Moxifloxacin vs Intravenous Ertapenem
Plus Oral Levofloxacin for Treatment of Uncomplicated Acute Appendicitis

months could not be presented.

ference exceeding the predefined noninferiority definition of
a lower limit of -6%. In a post hoc analysis, center effect was
not statistically significant (P = .32) nor did it change conclu-
sions for treatment comparison. Figure 2 shows the cumula-

.09 tive incidence of appendectomy during the 1-year follow-up.
GE“ Among patients who underwent a surgical procedure for sus-
§ 407 pected recurrent appendicitis, the median (interquartile
2 range) time to appendectomy was 87 (39-154) days in the oral
g 30/ antibiotic monotherapy group and 120 (76-211) days in the
§ Oral antibiotic monotherapy intravenous followed by oral antibiotics group.
g 20- Of'the 49 patients who underwent an appendectomy dur-
H Intravenous followed by oral antibiotics ing the initial hospitalization, 29 patients (18 in the oral anti-
f, 104 biotic monotherapy group and 11 in the intravenous followed
S by oral antibiotics group) were found to have complicated ap-
& oLt ‘ ‘ ‘ ‘ pendicitis at the time of the procedure. This resulted in true

0 3 6 9 12
Months after randomization
No. of patients at risk
Oral antibiotic monotherapy

primary failure (ie, complicated acute appendicitis at surgery
during primary hospitalization) rates of 6.1% in the oral anti-
biotic monotherapy group and 3.8% in the intravenous fol-

295 235 219 212 207 lowed by oral antibiotics group, yielding a difference of 2.3%
Intravenous followed by oral antibiotics . .
286 245 230 218 211 ([90% CI, -0.7% t0 5.2%]; P = .25). In a blinded retrospective

A total of 581 of 583 patients (99.7%) were followed up to achievement of the
primary outcome or to 1year and included in this post hoc analysis. The solid
dots represent appendectomies of histologically normal appendixes.

70.2% (1-sided 95% CI, 65.8% to =) at 1 year. Of the 288
patients randomized to receive intravenous followed by oral
antibiotics, 22 patients (7.6%) underwent appendectomy
during the primary hospitalization and additional 53 patients
(18.5%) underwent appendectomy during the 1-year
follow-up for suspected appendicitis recurrence, resulting in
a treatment success rate of 73.8% (1-sided 95% CI, 69.5% to
«) at 1 year. The treatment success rates in both groups were
greater than the predefined margin of 65%. For the primary
outcome of treatment success between the groups at 1 year,
the analysis yielded a difference of -3.6% ([1-sided 95% CI,
-9.7% to «]; P = .26 for noninferiority), with the CI of the dif-
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radiological evaluation, 18 of the 29 patients (62%) with com-
plicated acute appendicitis found at the time of surgery dur-
ing the primary hospitalization had their initial CT findings re-
classified as showing complicated, rather than uncomplicated,
appendicitis. Of the additional 61 patients in the oral mono-
therapy group and 53 patients in the intravenous followed by
oral antibiotics group who underwent appendectomy during
the 1-year follow-up due to clinical suspicion of recurrent ap-
pendicitis, 5 patients (8.2%) in the oral monotherapy group and
8 (15.1%) in the intravenous followed by oral antibiotics group
did not have appendicitis when the appendectomy specimen
was evaluated by histopathology. This resulted in a true re-
currence rate of 20.9% in the oral monotherapy group and
16.7% in the intravenous followed by oral antibiotics group (dif-
ference, 4.2% [90% CI, —1.4% t0 9.7%]; P = .22) after initial suc-
cessful antibiotic treatment. The median time to appendec-
tomy was 101 (95% CI, 82-127) days in patients with suspected
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recurrent appendicitis and 104 (95% CI, 84-132) days in pa-
tients with true recurrence.

Secondary Outcomes

The secondary outcomes are summarized in Table 2. There
was no statistically significant difference between treatment
groups in the length of hospital stay or sick leave or in visual
analog scale scores at discharge, 1 week, and 2 months. Of all
163 patients who underwent appendectomy, 4 patients
(2.6%) were diagnosed with an appendiceal tumor (eTable 3
in Supplement 3).

Adverse Events

There was no mortality during the 1-year follow-up. The over-
all complication rate was 4.8% (95% CI, 2.3%-7.2%) in the oral
antibiotic monotherapy group and 7.3% (95% CI, 4.3%-
10.4%) in the intravenous followed by oral antibiotics group
(Table 3). The randomized treatment was discontinued due to
suspected potential antibiotic-related adverse effectsin 2 pa-
tients, both of whom were in the oral antibiotic monotherapy
group (1 patients with skin eczema with facial swelling and 1
with blurred vision). Five patients, all in the intravenous fol-
lowed by oral antibiotics group, reported prolonged diarrhea
at 2 months of follow-up but none at 1 year of follow-up.

|
Discussion

In this randomized trial of adults with uncomplicated acute
appendicitis, treatment success was defined as discharge from
hospital without surgery and no recurrent appendicitis within
1year. Treatment with 7 days of oral moxifloxacin compared
with 2 days of intravenous ertapenem followed by 5 days of
levofloxacin and metronidazole resulted in success rates greater
than 65% in both groups, but failed to demonstrate noninfe-
riority of the oral regimen.

Although this study was not able to demonstrate nonin-
feriority of oral antibiotic relative to combined intravenous
and oral antibiotics for appendicitis, the majority of patients
avoided appendectomy in both groups and 207 of 295
patients (70.2%) with uncomplicated acute appendicitis were
successfully treated with oral moxifloxacin monotherapy and
did not experience major complications attributable to a trial
of oral-only antibiotics. In addition, the treatment outcomes
of this large prospective cohort of patients with uncompli-
cated acute appendicitis treated with antibiotics alone cor-
roborate the initial APPAC trial results with antibiotic treat-
ment success of 72.7% at 1 year.!

The safety and efficacy of antibiotic treatment compared
with appendectomy for the management of appendicitis
is now well established by results of clinical trials,!12:14.22.23
meta-analyses,>?%2” and guidelines,®”?® and is confirmed at
long-term follow-up? with both substantial cost savings®*
and similar quality of life.® Consequently, this trial focused
on optimizing antibiotic treatment of acute appendicitis.
Because of the high prevalence of acute appendicitis, the fea-
sibility, efficacy, and safety of treatment options that avoid
hospitalization during the COVID-19 pandemic has become
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Table 3. Adverse Events in a Study of the Effect of Oral Moxifloxacin
vs Intravenous Ertapenem Plus Oral Levofloxacin for Treatment
of Uncomplicated Acute Appendicitis

No.
Oral antibiotic  Intravenous followed
monotherapy by oral antibiotics
group group
Adverse event (n =295) (n =288)
Related to antibiotic treatment? 6 14
Skin eczema 3 3
Other allergic reaction 1 2
Tendinitis 1 1
Blurred vision 1 0
Prolonged diarrhea® 0 5
Candidiasis (oral or vaginal) 0 3
Tendon rupture 0 0
Related to operative treatment® 9 10
Abdominal pain, incisional pain, 7 7
or obstructive symptoms
Surgical site infection 2 3
Incisional hernias 0 0
Other miscellaneous symptoms
related to antibiotic treatment
Nausea 23 40
Diarrhea 11 36
Metallic taste sensation 1 23
Patients with at least 1 adverse event, 14/295 21/286

No./total No. (%) [95% CI] (4.8)[2.3-7.2] (7.3)[4.3-10.4]

2 The following numbers of patients in the oral antibiotic monotherapy group
and intravenous followed by oral antibiotics group were available for adverse
event assessment at each time point: 295 (100%) and 288 (100%) at
discharge, 273 (92.5%) and 255 (89.5%) at 1 week, 265 (89.8%) and 253
(88.8%) at 2 months, and 256 (86.8%) and 239 (83.0%) at 1year.

b patient still reported diarrhea at 2 months.

¢ Includes adverse events reported at any follow-up point (at discharge, 1 week,
2 months, and 1year) and during possible rehospitalization.

an imperative.”?® This study was designed prior to the pan-
demic. Given the major risks associated with hospitalization
during the pandemic, a larger noninferiority margin might
have been used for this study because there is a larger benefit
of avoiding hospitalization now than before the pandemic,
resulting in accepting a larger treatment failure rate attribut-
able to oral antibiotics to offset higher pandemic-related hos-
pitalization risks. Avoiding hospitalization for the 70.2% of
patients with acute appendicitis who were successfully
treated with oral antibiotics might reduce the risk of disease
exposure to COVID-19 for these patients and free hospital
resources at a time of bed capacity shortages. These current
conditions may warrant what is considered treatment suc-
cess for oral antibiotic treatment of acute appendicitis.
Previous trials of uncomplicated acute appendicitis
have reported up to 3-day hospitalization for antibiotics.
Extended hospitalization occurred in early trials of antibiotic
treatment of appendicitis in an era when appendectomy was
the standard approach and there was considerable skepti-
cism regarding the safety on nonoperative management of
appendicitis.>?2 Amoxicillin-clavulanic acid was used in
the trial conducted by Vons et al.?* That trial failed to demon-
strate the efficacy of antibiotic treatment of appendicitis
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mainly because of the inclusion of patients with appendico-
liths, but the antibiotic choice was also suboptimal because
of possible nonsusceptibility for Escherichia coli. To avoid
this limitation, oral moxifloxacin was used in the current
trial. Moxifloxacin is a potent broad-spectrum oral antibiotic
with efficacy for managing intraabdominal infections!®!® and
an advantage of once-daily administration. Given several
years of experience with managing appendicitis nonopera-
tively, the median hospitalization in this trial was shorter
than in previous trials.»** A US-based pilot randomized clini-
cal trial that compared antibiotics with appendectomy in an
outpatient setting showed that 87% of patients who received
antibiotics were successfully treated with antibiotics alone,
and no major adverse events occurred in either group at 1
year.'? These findings were corroborated recently by 90-day
results from the CODA trial, with 47% of the patients in the
antibiotic group being discharged from the emergency
department without hospitalization.'* Uncomplicated acute
appendicitis appears to be similar to uncomplicated acute
diverticulitis, for which recent studies have demonstrated no
benefit of antibiotics compared with symptomatic treatment
alone.?°3* Nonoperative management of uncomplicated
appendicitis may succeed even without antibiotics,>® which
is an area of active research.?°

In a pediatric study by Minneci et al,'® patients and their
families were given a choice between appendectomy and an-
tibiotic treatment for uncomplicated acute appendicitis after
receiving information on these treatments based on a script.
Antibiotics were chosen by 370 of 1068 participants (35%) and
treatment with antibiotics was successful in 245 participants
(67%) at 1-year follow-up, which corresponds to the results of
the current study in an adult population.

Primary nonresponsiveness to antibiotics and recurrence
are factors that need to be both discussed with the patient
and taken into consideration when choosing the optimal
treatment alternative. With accurate patient selection using
CT imaging, one of the most important findings associated
with antibiotic therapy is the absence of major complications
attributable to delaying surgery for patients who eventually
needed an operation for up to 5 years.? The CODA trial was a
pragmatic trial with 90-day follow-up of patients randomized
to receive antibiotics or appendectomy.'* The CODA trial
showed that patients presenting with an appendicolith had a
higher risk for both appendectomy (41% for patients with
appendicolith and 25% for patients without) and complica-
tions (20% for patients with appendicolith and 4% for
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patients without), confirming the findings of earlier trials,?3
and reinforced appendicolith as a finding associated with
complicated appendicitis, although the nature of appendico-
liths (eg, large vs small) and how it influences nonoperative
management of appendicitis remains unknown.'*

Complicated and uncomplicated appendicitis may be dif-
ferent diseases.3® Future trials investigating nonoperative man-
agement of appendicitis will need to refine the diagnosis of ap-
pendicitis severity using uniform and standardized criteria.
If nonoperative therapy is considered, complicated appendi-
citis should be ruled out, requiring that the sensitivity and nega-
tive predictive value for tests establishing the diagnosis for ap-
pendicitis must be high, which is the case for CT imaging.
Preintervention potential findings of complicated appendici-
tis, such as the presence of an appendicolith,'*-2* are factors
predictive of primary antibiotic treatment failure. Optimiz-
ing the patient selection for antibiotic treatment of uncompli-
cated appendicitis requires standardized imaging and identi-
fying CT finding features for complicated appendicitis, such
as contrast enhancement defect of the appendiceal wall and
larger appendiceal diameter.3”

Limitations

This trial has several limitations. First, moxifloxacin is a
broad-spectrum antibiotic that risks the development of
antibiotic resistance. Second, some patients (n = 4) were
incorrectly enrolled in the study despite meeting exclusion
criteria on primary CT findings, and 136 eligible patients
who should have been evaluated for enrollment were not.
Third, both the predefined difference of 0% and the nonin-
feriority margin for clinical importance of 6% in the sample
size calculations between the study groups were set some-
what arbitrarily because no previous trials were available
comparing oral and intravenous antibiotics for uncompli-
cated acute appendicitis.

. |
Conclusions

Among adults with uncomplicated acute appendicitis, treat-
ment with 7 days of oral moxifloxacin compared with 2 days
of intravenous ertapenem followed by 5 days of levofloxacin
and metronidazole resulted in treatment success rates greater
than 65% in both groups, but failed to demonstrate noninfe-
riority for treatment success of oral antibiotics compared with
intravenous followed by oral antibiotics.
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