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1.  Background 39 

Appendectomy has unquestionably been the standard treatment for acute appendicitis for over a 40 

century. More than 300.000 appendectomies are performed annually in the United States
1
. Although 41 

appendectomy is generally well tolerated, it is a major surgical intervention and can be associated 42 

with postoperative morbidity 
2, 3

.  43 

Since the time Fitz described the relationship between the appendix and pelvic abscess and 44 

McBurney demonstrated reduced morbidity from pelvic infections attributable to appendectomy, it 45 

has been thought that acute appendicitis invariably progresses to perforation. This line of thinking 46 

underlies the belief that emergency appendectomy is required when a diagnosis of appendicitis is 47 

made 
4, 5

. Fitz and McBurney’s publications predated the availability of antibiotics by 40 years. In 48 

the absence of antibiotics, appendectomy saved lives by reducing the risk of uncontrolled pelvic 49 

infection when appendicitis was present.   50 

Even though appendectomy has been the mainstay treatment for appendicitis, relatively soon after 51 

antibiotics were available, Coldrey reported treating 471 acute appendicitis patients with antibiotic 52 

therapy in 1959.  Mortality was low  (0.2 %) and recurrent appendicitis occurred only in 14.4 % of 53 

patients 
6
. More recently, the notion of treating appendicitis with antibiotics was tested in 3 54 

randomized clinical trials (Table 1
7
) 

8-10
.Their results were summarized in a Cochrane analysis 

11
 55 

and several  meta-analyses. 
12-16

 Each of these trials had limitations and appendectomy has 56 

remained the standard approach for treating appendicitis.  57 

 58 

 59 

1.1. The APPAC trial  60 

In order to compare antibiotic therapy with appendectomy in the treatment of CT-scan confirmed 61 

uncomplicated acute appendicitis, we conducted the APPAC trial enrolling patients from November 62 

2009 to June 2012. The APPAC trial 
7
 is a multicenter, randomized, open-label, non-inferiority trial 63 

conducted in Finland enrolling 530 patients 18 to 60 years of age with a CT scan confirmed 64 
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uncomplicated acute appendicitis. Patients were randomly assigned to early appendectomy or 65 

antibiotic treatment with a follow-up of one year. Antibiotic therapy was intravenous ertapenem for 66 

three days followed by seven days of oral levofloxacin and metronidazole treatment; patients 67 

randomized to the operative treatment group underwent standard, open appendectomy.   68 

The primary endpoint for surgical intervention was the successful completion of an appendectomy. 69 

The primary endpoint for antibiotic treated patients was discharge from the hospital without the 70 

need for surgery and no recurrent appendicitis during a follow-up of one-year.  71 

A pre-specified non-inferiority margin of 24 percentage points for the difference between 72 

treatments was used. Secondary pre-specified endpoints included hospital stay, post-intervention 73 

pain, sick leave and overall morbidity.   74 

There were 273 patients in the operative group and 257 in the antibiotic group. All but 1 patient in 75 

the surgery group underwent successful appendectomy resulting in a 100% (272/273; CI 98.9 – 76 

100.0) success rate. In the antibiotic group, 70 patients (27.3 %: (CI 22.0 – 33.2) underwent surgical 77 

intervention within 1 year of initial presentation for appendicitis and 186 of 256 patients available 78 

for follow-up (72.7%; CI 66.8 – 78.0) did not require surgery. The intent-to-treat analysis yielded a 79 

success rate difference of 27.3 % (CI 22.0 – 33.2). Given our pre-specified non-inferiority margin 80 

of 24%, we were unable to demonstrate non-inferiority of antibiotic treatment relative to surgery. 81 

Of the patients randomized to antibiotic treatment, who subsequently underwent appendectomy, 58 82 

(82.9%; CI 72.0 – 90.8) had uncomplicated appendicitis, 7 (10.0%; CI 4.1 – 19.5) had complicated 83 

appendicitis and 5 (7.1%; CI 2.4 – 15.9) operated for suspected recurrence did not have 84 

appendicitis. There were no intra-abdominal abscesses or other major complications associated with 85 

delayed appendectomy in this group. 86 

Antibiotic treatment of patients with uncomplicated acute appendicitis was not shown to be non-87 

inferior to appendectomy for uncomplicated appendicitis within the first year of observation 88 

following initial presentation of appendicitis. The pre-specified non-inferiority margin was 89 

established somewhat arbitrarily because little clinical information was available to make a better 90 

estimate. However, the majority (73%), of patients with uncomplicated acute appendicitis were 91 

successfully treated with antibiotics. None of the patients, who initially were treated with antibiotics 92 

that later had appendectomy, had major complications. These results suggest that CT-proven 93 

uncomplicated acute appendicitis is not a surgical emergency and antibiotic therapy is a safe first-94 

line treatment of uncomplicated acute appendicitis. With the development of more precise 95 

diagnostic capabilities like CT and effective broad-spectrum antibiotics, appendectomy may be 96 

unnecessary for uncomplicated appendicitis, which occurs in the majority of acute appendicitis 97 

cases. Patients should be able to make an informed decision between antibiotic treatment and 98 
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appendectomy and focus should also be on taking into account the patient-centric outcomes. Future 99 

studies should focus both on early identification of complicated acute appendicitis patients needing 100 

surgery and to prospectively evaluate the optimal use of antibiotic treatment in patients with 101 

uncomplicated acute appendicitis.  102 

 103 

1.2. The diagnosis and treatment of acute appendicitis 104 

Acute appendicitis is the most common cause of abdominal pain in emergency departments and 105 

appendectomy is the most common emergency abdominal surgery. The lifetime risk of acute 106 

appendicitis in males is 8.6% and 6.7% in females. 
17

 In Finland according to Stakes data there were 107 

6 377 appendectomies (3242 in males, 3135 in females, median age 35 years) performed in 2010. 108 

The total number of days in hospital care was 16 111 days and the mean length of hospital stay was 109 

three days.    110 

Although acute appendicitis is the most common reason for surgical emergency department visit, its 111 

diagnosis still remains challenging. The clinical diagnosis has previously been based on patient 112 

history, physical examination and laboratory findings as well as the clinical surgical diagnosis. 113 

Several scoring systems have been created to aid in the diagnosis of acute appendicitis
18-20

, but the 114 

accuracy of clinical diagnosis without preoperative imaging is about 76 – 80 % for combined 115 

patient groups of males and females
21, 22

. 116 

As acute appendicitis has historically been thought to always progress to perforation requiring 117 

emergency appendectomy, high negative appendectomy rates even up to 40 % in some patient 118 

populations have been previously accepted as good surgical practice. For the last two decades, the 119 

use of dedicated imaging in acute abdomen in general and also in acute appendicitis has led to 120 

improved diagnostic accuracy. 121 

 122 

1.2.1. Uncomplicated and complicated acute appendicitis 123 

Based on large epidemiological studies, we now know that complicated (perforated) and 124 

uncomplicated (non-perforated) appendicitis have followed different epidemiological trends. These 125 

unassociated epidemiologic trends suggest different pathophysiology for the two form of 126 

appendicitis. The differential diagnosis is essential as patients with an uncomplicated acute 127 

appendicitis may not require surgical intervention and might experience even spontaneous 128 

resolution without perforation.
23

 The majority (approximately 80 %) of acute appendicitis cases are 129 

of uncomplicated nature. 130 
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Complicated acute appendicitis defined as a finding of a perforation, appendicolith, abscess or a 131 

suspicion of a tumor, requires emergency appendectomy with the exception of cases with abscess as 132 

they are often managed conservatively.  133 

Appendicolith is a calcified fecal concretion in the appendix resulting in internal luminal 134 

obstruction and it is the most common form of complicated acute appendicitis. In the first 135 

randomized study by Vons et al.
10

 comparing operative treatment and antibiotic therapy using CT as 136 

a diagnostic inclusion criterion, the presence of an appendicolith in preoperative CT scan was the 137 

only factor that significantly increased the risk of complicated appendicitis and it was also the only 138 

factor associated with the failure of antibiotic therapy for acute appendicitis. Indeed, if Vons et al
10

 139 

had excluded the patients with an appendicolith from their analysis, no significant difference in the 140 

incidence of post-intervention peritonitis between the treatment groups would have been noticed in 141 

their study.  142 

 143 

1.2.2. Computed tomography (CT) in diagnosing acute appendicitis 144 

CT imaging is the primary imaging modality and the golden standard in the diagnosis of acute 145 

appendicitis as it establishes the diagnosis with almost perfect diagnostic accuracy. The advantages 146 

of CT imaging are high accuracy, availability, ease of performance and interpretation, and that it is 147 

rarely affected by bowel gas, severe abdominal pain or extreme body habitus. The main 148 

disadvantage of CT is exposure to radiation.   149 

The increased use of preoperative CT imaging has been evaluated thoroughly by evaluating its 150 

impact on the negative appendectomy rate reducing the number of unnecessary appendectomies. In 151 

2010, a mandatory imaging guideline for suspected acute appendicitis was implemented in the 152 

Netherlands. After implementation the negative appendectomy rate dropped significantly from 23 153 

% to 6 % (p<0.001) reducing the surgical complication rate from 20% to 14 % and resulting in 154 

average cost-per-patient decrease by 594€.
24

 155 

The favorable diagnostic performance of CT imaging has encouraged optimization of the protocol 156 

to minimize exposure to radiation through the development of low-dose CT protocols. Low-dose 157 

protocols balance with as low as reasonably achievable-principle while maintaining diagnostic 158 

accuracy. However, low-dose protocols with intravenous contrast are still not implemented in 159 

routine clinical practice. These protocols require more advanced optimization and validation 160 

because of the wider need for contrast enhanced assessment. Kim et al
25

 showed that contrast 161 

enhanced low-dose CT (median radiation dose 116mmGy in dose-length product) was not inferior 162 

to standard-dose contrast enhanced CT (median radiation dose 521 mmGy), with negative 163 
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appendectomy rates of 3.5% and 3.2% respectively and no statistical significance in appendiceal 164 

perforation rates or patients requiring additional imaging. 165 

We have initiated a prospective observational study (OPTICAP trial, NCT02533869, Ethical 166 

committee of Turku University Hospital approval) in order to optimize a low-dose CT scan for both 167 

diagnosing acute appendicitis and to differentiate uncomplicated acute appendicitis from a 168 

complicated acute appendicitis. In this study we have performed phantom imaging with 15 different 169 

imaging protocols aiming to minimize radiation with optimal diagnostic accuracy. The phantom 170 

protocols were assessed by blinded evaluation of two gastrointestinal radiologists and the two best 171 

performing protocols were chosen for the clinical phase. The clinical evaluation included 172 

performing both of these imaging protocols for patients with suspected uncomplicated acute 173 

appendicitis evaluated by a senior digestive surgeon. All of the enrolled patients underwent 174 

laparoscopic appendectomy to evaluate the sensitivity and specificity of the imaging protocols. The 175 

most optimal imaging protocol will be selected for use in the APPAC II and III trials; the final 176 

results will be available in September 2016. 177 

 178 

1.2.3. Treatment of acute appendicitis 179 

For over a century appendectomy has been the standard treatment for all patients with acute 180 

appendicitis. However, the results of our APPAC trial have now shown that the majority (73%) of 181 

patients with uncomplicated acute appendicitis were successfully treated with antibiotics alone. We 182 

also showed that none of the patients treated initially with antibiotics and later undergoing 183 

appendectomy had major complications or increased morbidity defining antibiotic therapy as a safe 184 

first-line treatment. Patients with a complicated acute appendicitis require emergency 185 

appendectomy and early identification of these patients is of vital importance. Laparoscopic 186 

appendectomy has become the golden standard for appendectomy providing lower morbidity and 187 

faster recovery compared with open appendectomy. For patients with uncomplicated acute 188 

appendicitis, the time has come to evaluate abandoning routine appendectomy and evaluating the 189 

optimal use of antibiotic therapy. 190 

 191 

2. Aims of the study and study hypothesis 192 

The aim of study is to optimize the antibiotic therapy for uncomplicated acute appendicitis by 193 

evaluating the success of treatment in both study groups and by comparing intravenous antibiotic 194 

therapy followed by per oral antibiotics with per oral antibiotic monotherapy. The study hypothesis 195 

is that broad-spectrum intravenous antibiotics requiring additional hospital resources are not 196 

necessary for the treatment of uncomplicated acute appendicitis and that per oral monotherapy is 197 
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non-inferior to the combination of intravenous and per oral antibiotic therapy. The secondary aim is 198 

to evaluate the results of our randomized APPAC trial in a prospective patient cohort by 199 

implementing antibiotic therapy as the first-line treatment for uncomplicated acute appendicitis in 200 

clinical practice.  201 

 202 

3. Combination of APPAC II and APPAC III studies in clinical practice 203 

APPAC II and APPAC III trials are separate studies regarding the applied study permissions 204 

(Fimea, Tukija, the Ethical committee of Turku University Hospital). In practice these two studies 205 

will be performed in close conjunction with each other as the enrolled patient population is identical 206 

in both studies and the study chosen for enrollment will be based mainly on the time of day (based 207 

on study design APPAC III enrollment is only possible between 8 a.m. and 2 p.m.) and secondly on 208 

patient preference (if the patient is unwilling to participate in APPAC III, they will be informed and 209 

invited to participate in APPAC II trial). After 2 p.m. until 8 a.m. all of the eligible patients will be 210 

invited to participate in APPAC II trial. 211 

 212 

4. Combination of APPAC II and MAPPAC studies 213 

The MAPPAC trial assesses the microbiological etiology of appendicitis and the impact of 214 

antibiotic therapy on gut microbiota. MAPPAC trial will be enrolling in conjunction with the 215 

APPAC II and III trials. APPAC II and MAPPAC trials are separate studies regarding the applied 216 

study permissions (Fimea, Tukija, the Ethical Committee of Turku University Hospital). Patients 217 

recruited for the APPAC II trial will asked to sign an informed consent form allowing for the use of 218 

their data and collection of microbiological samples for the MAPPAC study and vice versa 219 

MAPPAC trial patients will be informed that MAPPAC study data will be used in conjunction with 220 

APPAC II trial. 221 

 222 

5. Study design, patients and methods 223 

5.1. Trial design 224 

The APPAC II trial has been designed as a prospective randomized open-label, non-inferiority 225 

multicenter trial to compare intravenous antibiotic therapy followed by per oral antibiotics with per 226 

oral antibiotic monotherapy in the treatment of uncomplicated acute appendicitis. 227 

 228 

5.2. Participants 229 

Patients presenting with suspected acute appendicitis will be enrolled from eight participating 230 

Finnish hospitals; four university hospitals (TYKS, OYS, TAYS, KYS) and four central hospitals 231 
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(Jyväskylä, Mikkeli, Hämeenlinna, Vaasa). All adult patients (aged 18 – 60 years) admitted to the 232 

emergency department with a clinical suspicion of uncomplicated acute appendicitis will undergo a 233 

low-dose CT scan optimized for the diagnosis of acute appendicitis (OPTICAP trial, please see 234 

chapter 1.2.2.). Clinical history, physical investigation, VAS pain scores (visual analogue scale) and 235 

laboratory tests will be recorded for all of the evaluated patients in a prospective online database 236 

(BCB Medical APPAC-database developed by our study group). An informed consent will be 237 

obtained from all of the patients. 238 

Inclusion and exclusion criteria for both APPAC II and III trials are identical. 239 

Inclusion criteria: 1) Signed informed consent, 2) Age 18 – 60 years, 3) CT scan confirmed 240 

diagnosis of uncomplicated acute appendicitis. 241 

Exclusion criteria: 1) Age <18 or > 60 years, 2) Pregnancy or lactating, 3) Allergy to contrast media 242 

or iodine, 4) Allergy or contraindication to antibiotic therapy 5) Renal insufficiency, 6) Metformine 243 

medication, 7) Severe systemic illness (for example malignancy, medical condition requiring 244 

immunosuppressant medications), 8) Complicated acute appendicitis in a CT scan (appendicolith, 245 

perforation, abscess, suspicion of a tumor), 9) Inability to co-operate and give informed consent. 246 

 247 

Contraindications for the use of antibiotics include either allergy to the antibiotic regimen or 248 

auxiliary substance or interaction with other medications. In the case of quinolones, epilepsy and 249 

previously diagnosed tendinitis or tendon rupture related to quinolone treatment are 250 

contraindications. With moxifloxacin, additional contraindications are liver failure, heart condition 251 

(for example prolonged QT-time) or electrolyte imbalance. Other overall contraindications to 252 

antibiotic treatment in general include pregnancy, lactation, and the age under 18 years; do not 253 

apply as these patients will not be evaluated for enrollment in the study based on exclusion criteria. 254 

 255 

According to the study protocol all patients admitted to the emergency room with suspected acute 256 

appendicitis will undergo CT imaging as CT has become the golden standard imaging in diagnosing 257 

acute appendicitis. Based on our OPTICAP-trial, the CT scan protocol used for acute appendicitis 258 

will be optimized for radiation exposure. If complicated acute appendicitis is diagnosed on CT, 259 

patients will undergo a laparoscopic appendectomy within eight hours (the patients will be 260 

classified as “requiring surgery within 0- 8 hours” in an acute care surgery criteria used in the 261 

operating theatre). In order to collect all acute appendicitis patients both to prevent any bias and to 262 

enable a thorough conception of acute appendicitis as an emergency abdominal condition, all 263 

patients with suspected acute appendicitis undergoing a CT will be thoroughly recorded, the 264 

patients will be informed about data collection and an informed consent will be obtained. 265 
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Additionally, an extra serum sample will be collected for later immunological analyses regarding 266 

patients presenting with complicated acute appendicitis (MAPPAC trial) and patients enrolled in 267 

APPAC II trial.  268 

 269 

5.3. Registration and randomization 270 

Patients will be randomized with a 1:1 equal allocation ratio to i.v. + p.o. or p.o. antibiotics group. 271 

The randomization procedure will be performed by a safety statistician of the trial. Randomization 272 

will be made by center using random permuted blocks. After evaluating the patient eligible for 273 

enrollment in APPAC II trial, the sealed and opaque randomization envelope will be opened by the 274 

surgeon on call in each participating hospital.  275 

 276 

5.4. Interventions 277 

In the APPAC II trial, the treatment arms will be intravenous (i.v.) + per oral (p.o.) vs. p.o. 278 

antibiotics and the duration of the antibiotic therapy in both treatment groups will be seven days. 279 

For patients randomized to i.v. + p.o. group, i.v. ertapenem sodium 1 g will be administered for two 280 

days with the first dose given in the emergency room. The i.v. ertapenem will be followed by p.o. 281 

levofloxacin 500 mg x 1 and metronidazole 500 mg x 3 for five days.  For patients randomized to 282 

po group, p.o. moxifloxacin 400 mg will be administered for seven days with the first dose given in 283 

the emergency room. The minimum follow-up at the hospital will be 20 – 24 hours. 284 

If the patient is suspected of not responding to the antibiotic therapy during the primary 285 

hospitalization, the following outcome parameters (VAS/changes in VAS, leukocyte count, CRP, 286 

temperature, status findings) will be registered in the database. To ensure patient safety in cases of 287 

suspected progression of the acute appendicitis, the patient will be operated on based on the 288 

surgeon’s decision. The operative finding and the histopathology of the appendix will be recorded 289 

in the database. 290 

After the initial hospitalization recurrent acute appendicitis will be diagnosed on a clinical basis and 291 

a patient with a suspected recurrence will undergo laparoscopic appendectomy and the recurrent 292 

acute appendicitis will be verified by histopathological examination of the removed appendix. In 293 

cases of patients undergoing appendectomy for treatment failure, we will inform the patients, that 294 

further specialized histopathological analysis may be performed in addition to standard 295 

histopathological examination. 296 

 297 

An extra serum sample will be obtained for future immunological analyses and all enrolled APPAC 298 

II patients are informed of collecting this extra serum sample and about performing immunological 299 
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and possible other analysis using this acquired extra serum sample; this information is stated in the 300 

informed consent.  301 

 302 

5.5. Outcome parameters 303 

The primary endpoint is to estimate the success of the randomized treatment (treatment efficacy). 304 

Treatment success is defined as the resolution of acute appendicitis with antibiotic treatment 305 

resulting in discharge from the hospital without the need for surgical intervention and no recurrent 306 

appendicitis during a follow-up of one-year. In addition, the success of treatment will be compared 307 

between study groups. Secondary endpoints include post-intervention complications (Clavien-308 

Dindo classification), late recurrence (after one-year) of acute appendicitis after antibiotic 309 

treatment, duration of hospital stay, VAS scores, quality of life (QOL, 15D), sick leave and 310 

treatment costs. 311 

The MAPPAC study feces samples regarding APPAC II trial patients will be stored according to 312 

regulations. These samples will be used only for MAPPAC and APPAC II trials. All participating 313 

patients in each trial will be informed about combining the MAPPAC and APPAC II data.  314 

 315 

5.6. Data collection and follow-up 316 

After signed informed consent, all of the patients evaluated for acute appendicitis and study 317 

enrollment are registered to an online database at each participating institution. The researchers 318 

together with BCB Medical have created the online database, where all patients evaluated for 319 

enrollment in the study will be recorded. To ensure thorough data collection and to be able to 320 

evaluate selection bias, all of the patients presenting with acute appendicitis at the research hospitals 321 

will be recorded in the database. The information recorded from the patients who are not 322 

participating in APPAC II or APPAC III studies is used only by the regulations of register based 323 

studies. These patients not included in either of the APPAC trials will be informed of this data 324 

collection according to the guidelines of the Finnish health Ministry (STM) and their informed 325 

consent will be obtained. The data collection will be sent online to the database and Turku 326 

University Hospital as the main research center will be in charge of the common database with full 327 

access to the data. The researchers need the full access to the data in order to be able to correct 328 

possible false data entries, to enter possible missing data and to be able to keep up with the number 329 

of enrolled patients. The online database will not be used for other purposes during the trial and all 330 

of the visits to the database will be recorded in the database log.  331 

The follow-up for patients in APPAC II trial will include a phone interview at one week, two 332 

months and at one, three, five and ten years.  333 
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 334 

6. Statistical methods 335 

6.1 Statistical hypothesis 336 

The primary objective of the study is to demonstrate that p.o. antibiotics are adequate treatment for 337 

uncomplicated acute appendicitis. The primary outcome is success of treatment and it will be 338 

evaluated in two stages using following statistical hypotheses:  339 

1) H0: p1 ≤ 65 and p2 ≤ 65 340 

    H1: p1 > 65 and p2 > 65 341 

 342 

2) H0: p1 - p2 > 6  343 

    H1: p1 - p2 ≤ 6 344 

where p1 is success of treatment proportion of i.v. + p.o. group and p2 for p.o. group and p1 - p2 345 

is difference between groups ((i.v. + p.o.) – po).  346 

 347 

6.2. Sample size calculations  348 

Sample size calculations were based on non-inferiority test for binomial proportion. Sample size 349 

was calculated from an estimated success rate of 73% for i.v. + p.o. antibiotic group during the 1 350 

year follow-up
7
. The hypothetical difference between groups ((i.v. + p.o.) – p.o.) was set to zero and 351 

non-inferiority margin was set to 6 percentage points. We estimated that total of 469 patients would 352 

yield a power of 0.9 (1-β) to establish whether p.o. antibiotic therapy was non-inferior to i.v. + p.o. 353 

using a one-sided significance level (α) of 0.05. With an estimated dropout rate of 15% total of 552 354 

patients, 276 patients per group will be enrolled in the study. Targeted minimum sample size per 355 

study hospital will be 20 patients. Sample size calculations were performed using Power procedure 356 

in SAS System for Windows, Version 9.4 (SAS Institute Inc., Cary, NC). 357 

 358 

6.3. Interim analyses 359 

When 250 patients are enrolled to the study and discharged from the hospital, or if the investigators 360 

think it is necessary, the point estimate of the success rate at discharge will be calculated by study 361 

statistician and evaluated in each group. If the proportion is below 70% in at least one of the groups, 362 

the study will be terminated. The whole study group will be informed of the group proportions and 363 

whether the study is allowed to continue or will be terminated. No statistical tests will be conducted 364 

in interim analysis and therefore no corrections to the p-values are needed in the final analyses of 365 

study. 366 

 367 
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6.4. Statistical analyses  368 

Categorical variables of the study will be characterized by treatment using frequencies and 369 

percentages and for continuous variables means and standard deviations or medians with range and 370 

25
th

 and 75
th

 percentiles will be used. The point estimate with 95% confidence interval (CI) for 371 

success of treatment will be calculated for both groups and if lower limit of 95% CI ≥ 65% then 372 

treatment is good enough. Non-inferiority of p.o. antibiotics vs. i.v. + p.o. antibiotics will be 373 

evaluated using a two-sided 90% CI of proportion difference between groups ((i.v. + p.o.) – p.o. 374 

antibiotics) and one-sided Wald test for non-inferiority with an α level of 0.05. Non-inferiority 375 

margin for difference is 6 percentage points. The secondary outcomes will be analyzed using chi 376 

squared test, independent samples t-test or Mann-Whitney U-test.  The assumptions of tests will be 377 

checked for justification of the analyses. For the secondary outcomes two-sided p-values will be 378 

used. The study site differences will be evaluated in statistical models and if major differences are 379 

detected more complicated statistical models will be used in the analyses of primary and secondary 380 

outcomes. P-values less than 0.05 will be considered statistically significant. The analyses will be 381 

based on the intention-to-treat (ITT) principle (all randomized excluding possible erroneously 382 

randomized patients with CT diagnosis of complicated appendicitis). For the primary end-point, in 383 

cases of patients lost to follow-up, missing data will be gathered from hospital registries, if possible, 384 

but for secondary outcomes, the subjects with missing data will automatically be excluded from the 385 

analyses of the variables in concern. Statistical analyses will be performed using SAS System for 386 

Windows, Version 9.4 or later (SAS Institute Inc., Cary, NC). 387 

 388 

7. Ethical considerations and study relevance 389 

Both APPAC II and APPAC III study protocols are based on the results of our randomized APPAC 390 

trial comparing antibiotic therapy with appendectomy in the treatment of uncomplicated acute 391 

appendicitis. Based on the results of our APPAC trial, we now know that the majority (73%) of 392 

patients with uncomplicated acute appendicitis can be safely treated by antibiotics alone and that 393 

none of the patients, who initially were treated with antibiotics that later had appendectomy, had 394 

major complications. These results suggest that CT-proven uncomplicated acute appendicitis is not 395 

a surgical emergency and antibiotic therapy is a safe first-line treatment of acute uncomplicated 396 

appendicitis. The APPAC study results are based on the accurate diagnosis of acute appendicitis 397 

and CT imaging has become the golden standard in diagnosing acute appendicitis. Prior to initiation 398 

of the APPAC II and III trials, we are aiming to minimize the radiation exposure by optimizing a 399 

low-dose CT protocol combining high sensitivity and specificity with markedly reduced radiation 400 
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exposure (the OPTICAP trial). The APPAC II trial will evaluate the treatment of uncomplicated 401 

acute appendicitis with two different antibiotic therapies aiming to optimize the antibiotic treatment 402 

by shortening the duration of the treatment, taking into account the antibiotic resistance problem by 403 

evaluating less broad-spectrum antibiotics and minimizing the required hospital stay. 404 

The relevance of our previous APPAC trial has been substantial in initiating worldwide discussion 405 

and evaluation of the optimal treatment for uncomplicated acute appendicitis as the time has come 406 

to abandon routine appendectomy for uncomplicated acute appendicitis. The changes in the 407 

treatment paradigm for CT-proven uncomplicated acute appendicitis will naturally require further 408 

prospective studies, but avoiding unnecessary appendectomies will result in major cost savings and 409 

markedly decreased operative morbidity. APPAC II trial results will further enhance the thorough 410 

evaluation of the use of antibiotic therapy in uncomplicated acute appendicitis as by optimizing the 411 

antibiotic treatment will result in further cost savings and better utilization of hospital resources. As 412 

we now have the results of our initial APPAC trial, the international study focus on acute 413 

appendicitis will be the evaluation of the non-operative management and its optimization. Based on 414 

our APPAC trial, we are in the frontline of this research even from an international point of view 415 

and both APPAC II/III study hypothesis are the key questions in this research field. 416 

Acute appendicitis is one of the most common surgical emergencies and appendectomy is the most 417 

common surgical emergency operation with approximately 300.000 annual procedures in the US 418 

and 6500 appendectomies in Finland. The results of both the completed and future APPAC trials are 419 

very likely to have a profound impact on the treatment paradigm of uncomplicated acute 420 

appendicitis by avoiding unnecessary surgeries and the related morbidity resulting in major cost 421 

savings. 422 

 423 

8. Study costs 424 

Based on our APPAC trial results, antibiotic therapy is a safe first-line treatment for uncomplicated 425 

acute appendicitis. The diagnosis of acute appendicitis with a CT can be achieved with almost 426 

perfect diagnostic accuracy and CT imaging is now considered standard in diagnosing acute 427 

appendicitis. The APPAC II trial does not deviate from the standard care for acute appendicitis and 428 

thus there are no extra costs regarding the study interventions.  429 

9. Study schedule 430 

APPAC II/III trials require an optimal low-dose CT protocol for the diagnosis of acute 431 

uncomplicated appendicitis. The aim of the already initiated OPTICAP trial is to optimize the low-432 
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dose CT scan and the phantom imaging protocols have already been performed and analyzed during 433 

September 2015. The clinical phase of the OPTICAP trial started in October 2015 after the 434 

acceptance notification of OPTICAP amendment for the 20.10.2015 Ethical committee meeting. 435 

The clinical phase was initiated in November 2015; first 40 patients were enrolled by the end of 436 

April. The last 20 patients were enrolled in August, the data is being analyzed and the results will be 437 

available in September 2016.  In October 2016 we will have an optimized low-dose CT protocol to 438 

be used in APPAC II/III trials. 439 

The Finnish Society for Digestive Surgeons has chosen our APPAC II/III trials for creating an 440 

online research database for the society members to use as a basis for the database had to be built 441 

based on an actual trial. The costs for building such a database are 20.000€ and the costs are 442 

covered by the society. We have provided the clinical and scientific expertise for building this 443 

database, this work started already in November 2014 and the database will be used for APPAC 444 

II/III studies. The database is now finished and the programming by BCB Medical will be finished 445 

by the end of September 2016. The database will be available for use by the initiation of APPAC II 446 

trial in November 2016. 447 

APPAC II trial protocol announcement has been already sent to the TUKIJA national committee for 448 

medical trials and their decision was to transfer the ethics committee evaluation to the local ethics 449 

committee. The APPAC II trial has been reported to and accepted by Fimea and the Eudra-CT 450 

codes are (2015-003633-10). The APPAC III trial is currently undergoing hospital pharmacy 451 

evaluations regarding the manufacturing of the trial medications. After the manufacturing plan is 452 

finished, APPAC III trial will be submitted to Fimea for final approval during the fall 2016.  453 

Both APPAC II and III trials enroll patients from the same patient population, please see chapter 3. 454 

APPAC II trial enrollment is evaluated to last for approximately two years (until December 2018) 455 

and the primary endpoint will be analyzed at one-year follow-up at the end of 2019. APPAC III trial 456 

enrollment is scheduled to be completed by March 2018 and the primary endpoint at ten-day 457 

follow-up will be analyzed in April 2018. For both trials, the follow-up will extend to ten years. 458 

 459 

 460 

10. Study hospitals and investigators 461 

APPAC II trial will be a national multicenter study and Turku University Hospital will be the main 462 

research center and the primary investigator will be Paulina Salminen. 463 

Study will be conducted at all four university hospitals (Turku, Tampere, Oulu and Kuopio) and 464 

four central hospitals (Jyväskylä, Mikkeli, Hämeenlinna, Vaasa).  465 
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The investigators at each research hospital: 1) Turku (Paulina Salminen, MD, PhD, Juha Grönroos, 466 

MD, PhD, Johanna Virtanen MD, PhD, Suvi Sippola, MD, PhD student, Harri Marttila, MD, 467 

PhD,), 2) Tampere (Pia Nordström, MD, PhD, Johanna Laukkarinen MD, PhD, Irina Rinta-Kiikka, 468 

MD, PhD), 3) Oulu (Tero Rautio MD, PhD, Sanna Meriläinen MD, PhD), 4) Kuopio (Hannu 469 

Paajanen MD, PhD, Tuomo Rantanen MD, PHD), 5) Jyväskylä (Markku Aarnio MD, PhD, Anne 470 

Mattila, MD), 6) Mikkeli (Imre Ilves, MD, Hannu Paajanen MD, PhD), 7) Lahti (Jyrki Kössi, MD, 471 

PhD, Juhani Sand, MD, PhD), 8) Rovaniemi (Jukka Rintala, MD, PhD), 9) Pori (Jussi Haijanen, 472 

MD, PhD student, Eeva-Liisa Sävelä, MD) and 10) Seinäjoki (Tarja Pinta, MD, PhD, Tomi Sippola, 473 

MD).  474 

In addition, the study statistician is Saija Hurme, MSc (University of Turku) and the study health 475 

economics specialist is professor Petri Böckerman (University of Turku). 476 

 477 

 478 
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