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A new paradigm for clinical trials in antibiotherapy?
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Recommending or actively prescribing antibiotics is a fundamental 
daily activity in the field of infectious diseases. Our primary 

objective is to offer the most effective agent to optimize patient out-
comes. However, numerous issues, not limited to toxicity and toler-
ability, cost and risk for emergence of antimicrobial resistance, 
frequently influence our choice of therapeutic agents.

It is widely accepted that experimental clinical trials provide the 
strongest evidence to guide the choice of a given therapy. Numerous 
large trials (1-3) have been performed in some areas of infectious dis-
eases, such as in viral hepatitis, HIV infection, vaccines and tubercu-
losis, that can help guide infectious disease specialists. However, it is 
ironic that for bacterial infections, which are undoubtedly the most 
common infectious diseases encountered by generalists and infectious 
diseases specialists, there is a paucity of evidence from well-performed 
randomized controlled trials.

We performed a brief exploratory review of the published literature 
to gain a sample of the contemporary body of evidence that may be used 
to help guide antibiotic prescribing practices. We searched PubMed 
using the terms “antibiotics” and “infections” and limited our review to 
human clinical trials published in the English language with links to full 
text articles. We arbitrarily chose to review 30 consecutive, recently 
published trials investigating systemic antibiotic therapies for bacterial 
infections (4-33). As shown in Table 1, many of the studies were rela-
tively small, with a median sample size of 218 patients (interquartile 
range 109 to 434 patients); the trials did not identify a superior treat-
ment strategy. Few studies focused on severe infections, and none 
included mortality as a primary outcome measure. Remarkably, eight of 
30 trials investigated various different regimens for treating Helicobacter 
pylori infections (Table 1).

These trials represent only a small and, potentially biased, sample of 
current evidence. While they may be reflective, they are by no means 
proof of depth of the literature base. Nonetheless, it is our anecdotal 
experience clinically and from interhospital rounds, meetings and com-
mittees, that most decisions and recommendations for infectious dis-
eases related to antibacterial therapies are based on laboratory, clinical 
experience and, perhaps most frequently, arbitrary personal preference.

Conduct of antibiotherapy trials has been challenged by a number 
of factors, the most important of which is the immense cost associated 
with the conduct of clinical trials. Public research funding bodies 
rarely support comparative antibiotic clinical trials, and there is under-
standably little interest from industry to fund the evaluation of older 
off-patent agents. Pharmaceutical industry-supported trials are typ-
ically designed to fulfill regulatory requirements for new agents. These 
studies, therefore, generally aim to demonstrate safety and noninfer-
iority of the new agent compared with standard therapies. It is well 
recognized that once agents are approved and available for one indica-
tion, they are rapidly used by clinicians for a range of other infections 
in patients who were not included in the trials (34). However, fre-
quently, we are left with ongoing questions regarding the optimal 
management of these untested indications.

As clinicians, we recognize that many agents, even if suboptimal, 
successfully treat mild to moderate infections. We are grateful to have 
even a relatively small amount of clinical trial literature to support 
our options. However, what we often really want to know, and are 
asked to provide expertise in consultation, is whether one agent will 

improve a patient’s chance of survival over another. However, is it 
realistic for us to expect clinical trials to demonstrate superiority of 
one antibacterial agent over another? We can argue that for a serious 
life-threatening infection, a demonstrated absolute reduction (as low 
as 1%) in the risk of death would provide support for use of one agent 
over another. A small benefit, such as the one previously described, 
has been used as justification for the use of certain agents in other 
disciplines (35). However, if a 1% mortality difference is chosen to be 
clinically significant (α=0.05, two-tailed, β=0.1), then at control 
group mortality rates of 10%, 25% and 50%, approximately 40,000, 
80,000 and 100,000 patients would need to be enrolled, respectively!

Because of these challenges, we have often turned to observational 
studies to gain insight into optimal treatments. Increasingly large and 
complex databases have enabled the assessment of treatments and 
outcomes on a large scale (36,37). These observational designs are 
particularly useful when mortality is the outcome because this may be 
reliably determined using vital statistics data. However, at the risk of 
oversimplification, the Achilles’ heel of observational studies is that 
observed differences in treatment outcomes may be falsely attributed 
to an uneven distribution of confounding variables. Multivariable 
regression and other statistical methodologies (such as the use of 
instrumental variables) may permit adjustment for unmeasured con-
founders, and may be particularly attractive given the well-recognized 
regional variation in patterns of medical practice. These have been 
used to evaluate drivers of antimicrobial overuse (38) and the impact 
of antimicrobials on outcomes in chronic obstructive pulmonary dis-
ease exacerbations (37). However, to our knowledge, these methods 
have not yet been applied to the question of differential effectiveness 
of various antimicrobial classes, and ameliorate – rather than elimin-
ate – issues related to residual confounding. It must be recognized that 
while analytic approaches may be used to account for known con-
founding effects, only randomization offers protection from con-
founding effects due to unknown variables.

On one hand, clinical trials are the ‘gold standard’ to demonstrate 
the efficacy of a treatment; however, to date, they have frequently suf-
fered from small sample sizes and, due to cost limitations, they have 
rarely shown superiority of one strategy over another for important 
clinical outcomes. The inclusion of strict enrollment criteria has also 
limited the ability to generalize results to other infections or patient 
populations. Observational studies are efficient and are able to include 
large numbers and ranges of patient types; however, by design, they are 
not able to provide proof regarding superiority of a treatment over 
another because of the confounding risk. Is it possible for these 
approaches to be merged to better establish optimal treatment strat-
egies for bacterial infections?

More than 10 years previously, Peto and Baigent (39) argued for 
more simplified trials involving a large number of patients. They pro-
posed that such study protocols would be simple and flexible, with a 
minimum of trial-specific data collected, and argued that while such 
studies would lose fine detail and lack stringent control of cointerven-
tions, these limitations would presumably be balanced by the vastly 
increased statistical power of such designs. It is our belief that such 
trials could be of value in the field of infectious diseases and that they 
would be greatly facilitated by the increasing availability and extent of 
data captured in routine clinical databases.
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TAble 1
Consecutive sample of contemporary randomized clinical trials of systemic antibiotics for treatment of bacterial infections

First author 
(reference)

Funding 
source Context

Randomized 
patients,  

n Primary outcome Conclusion
Louie (4) Industry Fidaxomicin versus vancomycin for Clostridium difficile 

infection
629 Clinical cure 88% fidaxomicin 

versus 86% vancomycin
Fidaxomicin noninferior

Zheng (5) Not stated 7-day triple therapy versus 10-day quadruple therapy for 
Helicobacter pylori eradication in nonulcer dyspepsia

170 Eradication rates 64% versus 
89% 

10-day quadruple regimen 
significantly higher 
eradication rate

Judlin (6) Industry Moxifloxacin versus levofloxacin plus metronidazole for 
uncomplicated pelvic inflammatory disease

460 Test of cure 78% versus  
82%

Moxifloxacin noninferior

Jia (7) Industry Biapenem versus imipenem/cilastatin for urinary and 
respiratory tract infections 

216 Cure 68% versus 76% No significant differences

Towfigh (8) Industry Tigecycline versus ceftriaxone metronidazole for 
complicated intra-abdominal infections

473 Clinical response 70%  
versus 74% 

Tigecycline noninferior

Assem (9) Independent Clarithromycin plus amoxicillin plus esomeprazole versus 
levofloxacin plus amoxicillin plus esomeprazole versus 
levofloxacin plus clarithromycin plus esomeprazole for 
H pylori eradication 

450 Eradication rates of 91% 
versus 85% versus 79%

Clarithromycin plus 
amoxicillin plus 
levofloxacin inferior

Ito (10) Not stated Tazobactam/piperacillin versus imipenem/cilastatin for 
aspiration pneumonia

163 Clinical cure rates 83%  
versus 82%

No significant differences

Sun (11) Government 7 versus 14 days of a 4-drug therapy for H pylori-associated 
dyspepsia 

160 Eradication rates 80%  
versus 94%

14-day course significantly 
better

Bleidorn (12) Not stated Ibuprofen versus ciprofloxacin for uncomplicated urinary 
tract infection symptoms

80 58% versus 52% symptom 
free at 4 days

No difference in response 
rates

Mokabberi 
(13)

Not stated Community-acquired pneumonia treated with levofloxacin 
versus doxycycline 

66 93% versus 97% clinical  
cure

No significant differences

Oztoprak 
(14)

Not stated Piperacillin/tazobactam versus carbapenem with or 
without amikacin for febrile neutropenia

127 Treatment success 88% 
versus 75%

Not significantly different

Liou (15) Government 
and industry

Levofloxacin- versus clarithromycin-based triple therapy 
for H pylori infection for first- and second-line therapy

432 First-line cure rate 74%  
versus 84%; second line 
77% versus 60%

Clarithromycin regimen 
superior for primary therapy 
and levofloxacin regimen 
for secondary therapy

Minakari (16) Independent Azithromycin plus ofloxacin plus bismuth plus omeprazole 
versus amoxicillin plus clarithromycin plus bismuth plus 
omeprazole for second-line therapy of H pylori infection

220 Eradication rates 77%  
versus 65%

Azithromycin plus ofloxacin 
plus bismuth plus 
omeprazole higher 
eradication rate

Hook (17) Government 
and industry

Azithromycin versus penicillin for early syphilis infection 517 78% versus 79% serological 
cure rates 

Equivalence

Schmitz (18) Government Cotrimoxazole versus placebo after incision and drainage 
for skin abscess

212 Treatment failure 17% versus 
26% at day 7

No difference at day 7

Itani (19) Industry Linezolid versus vancomycin for complicated skin and soft 
tissue infections due to methicillin-resistant 
Staphylococcus aureus (MRSA)

1077 84% versus 80% clinical 
success at study end by  
per-protocol analysis

Linezolid noninferior

Gomez (20) Not stated Low-dose cefepime plus amikacin versus piperacillin/
tazobactam plus amikacin for febrile neutropenia

317 Success 59% versus 64% No difference

Paoluzi (21) Not stated 10- versus 8-day sequential therapy versus 7-day 
standard therapy for H pylori eradication

270 86% versus 83% versus  
66%

Higher eradication with 
sequential therapy

Luaces-Rey 
(22)

Not stated Short versus long amoxicillin prophylaxis after third molar 
removal

160 Postoperative infection rates 
3% in each group

No differences

Carter (23) Not stated Combination antibiotics versus placebo for 
chlamydia-associated arthritis 

43 63% versus 20% clinical 
response 

Combination therapy more 
effective

Jung (24) Government Rifampin plus vancomycin versus vancomycin for MRSA 
pneumonia

93 54% versus 31% clinical cure 
at day 14

Combination therapy more 
effective

Hung (25) Independent Clarithromycin- versus levofloxacin-based triple therapy 
for H pylori eradication 

300 93% versus 85% eradication Clarithromycin-based 
therapy more effective

Feurle (26) Government Ceftriaxone versus meropenem, each followed by 
cotrimoxazole for Whipple’s disease

42 Full response in both groups No difference

Heystek (27) Industry Moxifloxacin versus doxycyclin plus metronidazole plus 
ciprofloxacin for uncomplicated pelvic inflammatory 
disease

434 97% versus 98% clinical 
success

Moxifloxacin noninferior

Agah (28) Not stated Quadruple regimens including azithromycin versus 
metronidazole for H pylori eradication

60 69% versus 68% No difference
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One could envision the potential future feasibility of large trials to 
answer common clinically important questions in antibiotherapy. 
Once a patient is identified with a target condition, either clinically 
(ie, cellulitis) or by some other measure, such as positive culture (ie, 
bacteremia), the key step would be for clinicians to identify that 
patient as a candidate for treatment with two available agents for 
which there may be clinical equipoise (ie, cefazolin or cloxacillin for 
cellulitis; vancomycin or linezolid for methicillin-resistant 
Staphylococcus aureus [bacteremia]), and then randomly allocate that 
patient to one of the treatments. If routine existing data sources could 
be used to follow patients and establish outcomes (ie, electronic rec-
ords, hospital administrative data or vital statistics registries), then 
much of the work in conducting the trial would be completed once 
allocation was complete. This streamlined approach would facilitate 
the enrollment of vastly larger numbers of patients for the same human 
resource expenditure of a typical contemporary trial.

Such an approach would have a number of benefits and limita-
tions. This ‘new’ trial model would not be applicable to the use of new 
or unlicensed agents because they would need the rigorous and specific 

assessment of safety, which is only afforded by a traditional trial. As a 
result, the importance of and funding for these trials would need to be 
recognized and provided by public sources because industry would 
have little vested interest. The traditional trial is also preferred to 
assess efficacy, in which treatment may only be expected to have a 
benefit in a very specific or individualized target group. On the other 
hand, because enrollment criteria and management of patients are less 
strict and more similar to everyday practice, the new approach would 
be expected to be a measure of the effectiveness of a therapy. Perhaps 
the biggest challenge for this new approach would be the recognition 
that clinical research would have to be closely integrated with day-to-
day clinical practice on a large scale. This would require the buy in of 
physicians and other health care workers, researchers, information 
technology experts, funding agencies and, most importantly, patients. 
Existing structures and relationships among infectious disease clin-
icians within Canada (eg, those created by the Association of Medical 
Microbiology and Infectious Disease Canada) could lend themselves 
to the creation of such large, simplified trial networks in the presence 
of energetic leadership and adequate funding.
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Industry Continuous versus three times daily ceftazidime for cystic 
fibrosis

56 Decrease mean leukocyte 
count similar in both groups

No difference

Tanaseanu 
(32)

Industry Tigecycline versus levofloxacin for community-acquired 
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434 89% versus 85% Tigecycline noninferior

Solomkin 
(33)

Industry Moxifloxacin versus ceftriaxone plus metronidazole for 
intra-abdominal infections

364 87% versus 91% clinical 
response

Moxifloxacin noninferior
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