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Community-acquired Introduction: Community-acquired pneumonia (CAP) is treated with penicillin in some northern
pneumonia; European countries.

Randomized Objectives: To evaluate whether high-dose penicillin V is as effective as high-dose amoxicillin
controlled trial; for the treatment of non-severe CAP.

Penicillin; Design: Multicentre, parallel, double-blind, controlled, randomized clinical trial.
Amoxicillin; Setting: 31 primary care centers in Spain.

Adults Participants: Patients from 18 to 75 years of age with no significant associated comorbidity and

with symptoms of lower respiratory tract infection and radiological confirmation of CAP were
randomized to receive either penicillin V 1.6 million units, or amoxicillin 1000 mg three times
per day for 10 days.

Main measurements: The main outcome was clinical cure at 14 days, and the primary hypothesis
was that penicillin V would be non-inferior to amoxicillin with regard to this outcome, with a
margin of 15% for the difference in proportions. EudraCT register 2012-003511-63.

Results: A total of 43 subjects (amoxicillin: 28; penicillin: 15) were randomized. Clinical cure
was observed in 10 (90.9%) patients assigned to penicillin and in 25 (100%) patients assigned to
amoxicillin with a difference of —9.1% (95% Cl, —41.3% to 6.4%; p=.951) for non-inferiority. In
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PALABRAS CLAVE
Neumonia adquirida
en la comunidad;
Ensayo clinico
aleatorizado;
Penicilina;
Amoxicilina;
Adultos

Introduction

the intention-to-treat analysis, amoxicillin was found to be 28.6% superior to penicillin (95% Cl,
7.3-58.1%; p=.009 for superiority). The number of adverse events was similar in both groups.
Conclusions: There was a trend favoring high-dose amoxicillin versus high-dose penicillin in
adults with uncomplicated CAP. The main limitation of this trial was the low statistical power
due to the low number of patients included.

© 2017 Elsevier Espana, S.L.U. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Eficacia de dosis altas de penicilina frente a amoxicilina en el tratamiento de la
neumonia no complicada adquirida en la comunidad en adultos. Ensayo clinico
controlado de no inferioridad

Resumen

Introduccion: En algunos paises la neumonia adquirida en la comunidad (NAC) se trata con
penicilina.

Objetivo: Evaluar si penicilina V a dosis altas es igual de efectiva que amoxicilina a dosis altas
en la NAC no complicada.

Diseno: Ensayo clinico paralelo, doble ciego, controlado y multicéntrico.

Emplazamiento: Treinta y un centros de salud en Espana.

Participantes: Se reclutaron pacientes de 18 a 75 afos de edad sin comorbilidad asociada impor-
tante, con sintomas de infeccion respiratoria inferior y confirmacion radioldgica de neumonia,
que fueron asignados aleatoriamente a 1,6 M unidades de penicilina V o amoxicilina 1.000 mg,
3 veces al dia, durante 10 dias.

Mediciones principales: La variable de resultado principal fue curacion clinica a los 14 dias y
se planteo la hipdtesis de que penicilina no era inferior a amoxicilina con un margen de 15%
para la diferencia de proporciones. Registro EudraCT 2012-003511-63.

Resultados: Se aleatorizaron 43 personas (amoxicilina: 28; penicilina: 15). Se observo curacion
clinica en 10 pacientes asignados a penicilina (90,9%) y en 25 asignados a amoxicilina (100%),
observandose una diferencia de -9,1% (IC 95%: -41,3 a 6,4%; p=0,951) para no inferioridad. En
el analisis por intencion de tratar amoxicilina fue 28,6% superior a penicilina V (IC 95%: 7,3% a
58,1%; p=0,009 para superioridad). El nUmero de eventos adversos fue similar en ambos grupos.
Conclusiones: Se observd una tendencia de un mayor beneficio de amoxicilina frente a penicilina
en adultos con NAC no complicada. La principal limitacion fue la baja potencia estadistica
debido al bajo nimero de pacientes incluidos.

© 2017 Elsevier Espafa, S.L.U. Este es un articulo Open Access bajo la licencia CC BY-NC-ND
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

is no correlation between pneumococcal infection by a
strain resistant to penicillin and therapeutic failure with

Community-acquired pneumonia (CAP) remains a burden
in the modern world." Respiratory bacteria constitute the
major group of causative organisms. In approximately 50%
of the cases the pathogen cannot be identified; however,
Streptococcus pneumoniae is the organism most frequently
isolated throughout all the studies and settings, even among
outpatients.??

In some European countries, mainly those in North-
ern Europe, pneumonia is treated with penicillin V since
the resistance of pneumococci to this antibiotic is low.*
However, in most European countries amoxicillin is the first-
choice antibiotic for uncomplicated cases.>”’

The reasons for this study are: the cut-off points which
determine whether a pneumococcus is susceptible to peni-
cillin changed in 2008,% and according to recently studies
pneumococcal resistance to penicillin (minimum inhibitory
concentration [MIC] >2 ug/ml) has fallen drastically.’ There

B-lactams prescribed at adequate doses.'® The use of
narrow-spectrum antibiotics is needed because of the dearth
of new antimicrobials and the link between the consump-
tion of broad-spectrum antibiotics and the emergence and
spread of antibacterial resistance'’; no clinical study com-
paring amoxicillin and penicillin V in pneumonia in adults
has been published to date.

The aim of this trial was to determine whether high-dose
penicillin V was as effective as high-dose amoxicillin for the
treatment of uncomplicated CAP in a Mediterranean adult
population.

Material and methods

This is a prospective, parallel-group, randomized, double-
blind, trial in primary healthcare centers in Spain carried
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out from November 2013 to April 2016. All patients pro-
vided written informed consent. The study protocol has been
published elsewhere."?

Patients aged 18-75 without significant associated
comorbidity attending a primary care physician with signs
and symptoms of lower respiratory tract infection and
radiological confirmation of the diagnosis of pneumonia
were invited to participate. We permitted the inclusion and
randomisation of patients without radiological confirmation
if there was a high suspicion of pneumonia as suggested
in previous studies'®: patients with lower respiratory tract
infection, temperature higher than 38.5 °C and productive
cough; if chest X-ray performed in the following 24 h, did
not confirmed pneumonia, patients were excluded. Due to
difficulties in the recruitment of patients an amendment
to the previous protocol was made, broadening the age
range of subjects, considering some other comorbidities
and also taking into account patients who had taken urinary
antiseptics in the previous days.'?

Exclusion criteria were subjects under 18 or over 75
years of age, severe impairment of signs (impairment of
consciousness, respiratory rate >30 breaths/min, heart rate
>125 beats/min, systolic blood pressure <90 mm Hg, dias-
tolic blood pressure <60 mm Hg, temperature >40°C, oxygen
saturation <92%), hypersensitivity to B-lactams, impor-
tant alteration on chest X-ray, (alveolar infiltrate in more
than one lobe or bilateral, pleural effusion and/or pul-
monary cavitation), problems to comply with treatment
at home, lack of tolerance to oral treatment, significant
comorbidity (bronchial asthma, renal failure, hepatic cir-
rhosis, heart failure, chronic obstructive pulmonary disease,
ischemic heart disease, stroke, type 1 diabetes mellitus,
immunosuppression, terminal disease), pregnhancy or lac-
tation, hospitalization in the last month, consumption of
antibiotics in the last two weeks, difficulty to attend
the programmed visits or refusal to participate in the
study.

Participants and investigators remained blinded to the
treatment received. Patients were randomly assigned to
receive either penicillin V 1,600,000 IU (two 800,000 IU pills)
or amoxicillin 1000 mg (two 500 mg pills) thrice a day dur-
ing 10 days. Subject numbers were assigned sequentially as
each subject entered the study. The subjects were assigned
through a schedule based on the randomization plan. Since
this was a multicentre study a block procedure was planned
for the allocation of the study medication. Each container
included 66 pills (60 pills for the treatment plus 6 extra
pills). The dose of penicillin used was not marketed in our
country and drugs were entirely prepared and labeled by
the Pharmacy Unit of the Hospital Universitari Son Espases
(Palma de Mallorca). The batches were small and every
batch required stability analysis every 6 months, thereby
exceeding the initial budget. A data and safety monitoring
board was created to ensure patient safety and treatment
efficacy during recruitment.

The difficulties in drug preparation, the limited budget
and the elevated number of centers opened, made it impos-
sible to maintain the 4 block per center distribution, and
finally the medication was allocated following a simple ran-
domization according to center needs.

Use of antithermic drugs or analgesics (acetaminophen,
acetylsalicylic acid or ibuprofen), bronchodilators or any

other medication, except oral systemic antibiotics, that the
patient was talking was allowed.

Variables. The main outcome was clinical cure at 14 days,
defined as the absence of fever, resolution or improvement
of cough, improvement of general well-being and resolu-
tion or reduction of crackles. Any clinical result other than
the anterior was considered as treatment failure. Secondary
outcomes were efficacy at day 30 after the initiation of
antibiotic treatment, radiological resolution or improve-
ment one month after the initiation of the treatment,
complete clinical resolution at day 14 defined as the total
resolution of acute symptoms and signs related to the infec-
tion, and the presence of adverse events. The radiologists
responsible for diagnosing pneumonia and confirming the
radiological cure were blind to the clinical data and the
treatment administered.

The nature of the study and scheme to the visit pro-
gram was explained to the patient and informed consent
was obtained. All the eligible patients had a chest X-ray
(postero-anterior and lateral views) demonstrating pneu-
monic infection. Patients, were randomized to one of the 2
treatment groups and the medication was given. At the first
follow-up visit, at day 3 (by phone or at the center), wors-
ening of the clinical situation was evaluated to determine
whether a change in the antibiotic treatment was necessary,
compliance and possible secondary effects of the treatment
were evaluated. At the second follow-up visit, at day 14,
the clinical evolution of the signs and symptoms was evalu-
ated, and possible secondary effects of the treatment. On
the last follow-up visit, at day 30, the clinical outcome of
the signs and symptoms of the pneumonia was evaluated
and a new chest X-ray was performed (postero-anterior and
lateral views) to confirm radiological resolution. The med-
ication was discontinued if significant adverse events. The
variables were registered in an electronic case report form
designed by the Fundacio Institut Catala de Farmacologia,
Barcelona.

Sample size calculation and statistical analyses: The
objective of the study was to demonstrate that penicillin
V was not inferior to amoxicillin. Considering a success rate
of 85% for the group treated with amoxicillin,'*"> a total of
105 patients were required in each treatment group (total
of 210) to detect a noninferiority margin of 15% at maximum
between the two treatments with a minimum power of 80%
considering an alpha error of 2.5% for a unilateral hypothesis
and maximum possible losses of 15%.

The intention-to-treat (ITT) population included all ran-
domized patients with confirmation of pneumonic infection
receiving at least one dose of the study drug and the
per-protocol (PP) population included patients adherent to
protocol with adequate treatment compliance and absence
of major protocol violations.

Descriptive results of the outcomes were reported as
number and percentages. To evaluate the differences on
baseline characteristics, Fisher’s exact tests for categorical
variables and non-parametric tests for continuous measures
were carried out. Comparisons between groups were per-
formed using exact binomial distribution for the efficacy
endpoints and adverse events,'® 95% confidence intervals
(Cl) for the differences in success percentages were esti-
mated and p-values provided. All analyses were conducted
with R statistical package, version 3.2.5.
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Patients invited to participate in the
study and randomised (n=43)

Amoxicillin (n=28) |

‘ Penicillin V (n=15)

Radiologic study not
confirmed (n=3)

Expired medication (n=1)

Patients assigned to
amoxicillinin ITT
population (n=25)

Patients assigned to
penicillin Vin ITT
population (n=14)

Worsening (n=1)
Severe adverse effect (n=1)

Patients valid for
safety analysis
(n=43)

Patients valid for
ITT analysis
(n=39)

Non-compliance with protocol (n=1)

Patients assigned to
amoxicillin in PP
population (n=25)

Patients assigned to
penicillin V in PP
population (n=11)

Patients valid for
PP analysis (n=36)

General scheme of the study. Multicentre, parallel, double-blind, controlled, randomized clinical trial, to evaluate whether high-
dose penicillin V is as effective as high-dose amoxicillin for the treatment of non-severe community-acquired pneumonia.

The study was approved by the Institutional Review Board
(IDIAP Jordi Gol Clinical Investigation Ethic Committee) and
the Spanish Agency of Medicines and Health Products. Writ-
ten informed consent was obtained from all participants.
Trial registration: EudraCT number 2012-003511-63.

Results

The required sample size of 210 patients could not be
achieved although 31 centers were opened (10 centers were
initially planned). A total of 43 subjects were screened
and randomized (28 patients in the amoxicillin arm and 15
patients in the penicillin arm) and constituted the safety
population. The demographic and clinical characteristics of
the randomized population were well matched between the
groups (Table 1). A total of 4 patients were excluded from
the ITT population: 3 had a normal chest X-ray and one was
mistakenly given expired medication and was withdrawn the
following day. A total of 3 patients were lost during follow-up
and were all excluded from the PP population.

We cannot prove that penicillin V was not inferior to
amoxicillin as clinical cure was observed in 10 patients
assigned to penicillin (90.9%) and in 25 patients assigned
to amoxicillin (100%) in the PP population with a difference
of —9.1% (95% Cl, —41.3% to 6.4%; p=0.951 for noninferi-
ority). A total of 39 subjects (25 in the amoxicillin arm and
14 in the penicillin V arm) fulfilled all the criteria for the
ITT population, and in this group amoxicillin was found to
be superior to penicillin, with a difference of 28.6% (95% Cl,
7.3-58.1%; p=0.009 for superiority) (Fig. 1).

All the results of this section refer to superiority compar-
isons in the ITT population (Fig. 1). Amoxicillin was found
to be 28.6% superior to penicillin in terms of clinical res-
olution on day 30 (95% Cl, 7.3-58.1%; p=0.009) and in
terms of total resolution one month after the index visit
(34.9% superior, 95% Cl, 6.2-62.5%; p=0.002). Radiologi-
cal resolution among patients assigned to amoxicillin was
27.3% superior to patients allocated to penicillin V (95% ClI,

4.5-61%; p=0.027). A total of 4 adverse events were related
to the study drugs: three cases among patients treated with
amoxicillin and one case in the penicillin V group (10.7% vs.
6.7%, respectively) without any statistically significant dif-
ferences. Three cases corresponded to epigastralgia and one
corresponded to vaginal candidiasis.

Discussion

On the basis on the results obtained we cannot prove that
high doses of penicillin V in adults with non-severe CAP are
not inferior to high doses of amoxicillin - the currently rec-
ommended treatment - in patients under the age of 75
years, but because of the limited number of patients, the
confidence intervals were wide. However, when we tested
for the superiority of amoxicillin, we did find significant
statistically differences, with amoxicillin being 28.6% supe-
rior to penicillin V in clinical resolution on day 14 (95% Cl,
7.3-58.1%).

The major limitation of this study was the limited num-
ber of patients included. This can lead to false negative
results because of the width of the confidence intervals.
The approval from the Spanish Agency of Medicines and
Health Products was delayed and we were not able to start
recruiting until November 2013. Since the funding was only
available until April 2016 we were only able to recruit
patients for two and a half years. In addition, the diagno-
sis of CAP in primary care is challenging, since a positive
X-ray for pneumonic condensation is required for correct
diagnosis. In an attempt to increase patient recruitment,
GPs were allowed to recruit patients with a high suspi-
cion of pneumonia, that were randomized before the chest
X-ray was performed, and three patients were excluded
because of normal radiological images. Many patients were
also excluded because they had taken some doses of antibi-
otics, either because they had first bypassed the primary
care professionals and gone to emergency departments, or
they had taken leftover doses stored at home."”
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Table 1
are numbers (percentages) unless stated otherwise.

Baseline characteristics of the patients randomized into two groups to receive either amoxicillin or penicillin V. Values

Amoxicillin (n=28) Penicillin V (n=15)

Male sex
Age, mean (SD)

Smoking status
Current smoker
Former smoker
Non smoker

Excessive consumption of alcohol

High blood pressure

Diabetes mellitus

Hypercholesterolemia

Cough

Days with cough before randomization visit, mean (SD)
Joint and muscle aches

Expectoration

Sputum color
Uncolored
Yellow or green
Rust

Diarrhea
Dyspnea

Chest pain
General malaise

Clinical examination
Temperature, mean °C (SD)
Systolic blood pressure, mean of mm Hg (SD)
Diastolic blood pressure, mean of mm Hg (SD)
Pulse, mean per minute (SD)
Respiratory rate, mean per minute (SD)
Pulse oximetry, mean of saturation (SD)
General crackles
Focal crackles
Ronchi
Wheezing

Treatment administered
Analgesics
Non-steroidal anti-inflammatory drugs
Antitussives
Bronchodilators
Mucolytics

14 (50.0) 5 (33.3)
49.0 (14.3) 46.6 (17.4)
4 (14.3) 3 (20.0)
4 (14.3) 4 (26.7)
20 (71.4) 8 (53.3)
3(10.7) 1(6.7)
3 (10.7) 3 (20.0)
1(3.6) 0(-)
7 (25.0) 3 (20.0)
28 (100) 14 (93.3)
6.2 (4.7) 10.1 (8.7)
14 (50.0) 8 (53.3)
24 (85.7) 12 (80.0)
1(3.6) 4 (26.7)
21 (75.0) 6 (40.0)
2 (7.1) 1(6.7)
2 (7.1) 2 (13.3)
8 (28.6) 6 (40.0)
13 (46.4) 7 (46.7)
20 (71.4) 13 (86.7)
37.3 (1.0) 37.3 (0.7)
128.0 (16.1) 125.1 (13.9)
77.9 (10.1) 74.7 (11.6)
85.5 (14.9) 83.3 (9.0)
19.3 (4.0) 18.5 (3.6)
96.8 (1.7) 97.0 (1.7)
1(3.6) 1(6.7)
23 (82.1) 12 (80.0)
7 (25.0) 3 (20.0)
6 (21.4) 2 (13.3)
21 (75.0) 14 (93.3)
12 (42.9) 8 (53.3)
8 (28.6) 2 (13.3)
7 (25.0) 0(-)
6 (21.4) 4 (26.7)

SD: standard deviation.

Another limitation was the uneven number of patients
per group. A proper block procedure randomization plan was
prepared, but it was not possible to follow it due to budget
problems. To increase the number of candidates for the trial,
many additional centers were included, but it was impos-
sible to make enough medication to send an entire block
to every center, considering the small batches prepared by
the pharmacy service and the stability analysis required per
batch every six months. However, the probability of obtain-
ing an imbalance greater than or equal to that observed

(28 vs. 15 randomized patients) exceeds 6%, so that this
disparity can be attributed to chance.

A possible limitation was the fact that microbiological
studies were not taken into account. Bacterial eradication
has been considered a secondary outcome in many studies
undertaken up to now, but some experts recommend that
this measure should not be considered in mild-moderate
pneumonia.'® Moreover, GPs judge the response to treat-
ment with eminently clinical rather than microbiological
criteria.
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Outcome Amoxicillin Penicillin Difference [C195%)]
n/N n/N
Clinical cure at day 14 (PP) 25/25 10/11 — —9.1[-41.3106.4]
Clinical cure at day 14 (ITT) 25/25 10/14 — 1 —28.6 [-58.1 t0 7.3]
Complete clinical resolution at day 14 (ITT) 12/25 314 —& —26.6 [-563.210 7.2]
Clinical cure at day 30 (ITT) 25/25 1014 — 1 —28.6 [-58.1t0 -7.3]
Complete clinical resolution at day 30 (ITT) 23/25 8/14 — 1 —34.9[-62.5 10 -6.2]
Radiological cure at day 30 (ITT) 24/24 8/11 — —27.3[-61.0 to —4.5]
Radiological resolution at day 30 (ITT) 20/24 6/11 L -28.8 [-61.7 t0 4.3]
! ! A=15% ! '
-100 =50 0 50 100

Favours
amoxicillin

Figure 1
points.

Interventions and follow-ups were similar to clinical prac-
tice, a simple methodology, as it should be in primary care.
The data collection was also simple enough to facilitate the
inclusion of cases in primary care offices. Chest X-ray was
absolutely necessary to confirm the diagnosis of pneumonia.

To our knowledge, no study comparing oral penicillin and
oral amoxicillin in CAP in adults has been carried out to
date. Some clinical trials have compared amoxicillin with
penicillin, but these were performed in children and with
parenteral doses. =23 All these trials confirm that oral treat-
ment with amoxicillin is equivalent to parenteral penicillin
in children with CAP. Consequently, we cannot compare the
results obtained in our randomized clinical trial with other
studies. In a recent Cochrane review, including 11 random-
ized clinical trials and 3352 outpatients older than 12 years
with a diagnosis of CAP, Pakhale et al. observed that there is
inadequate evidence to recommend one antibiotic class over
another.?* However, in our study amoxicillin is associated
with better clinical outcomes than oral phenoxymethylpeni-
cillin for the treatment of adults with uncomplicated CAP.

In Scandinavian countries, where penicillin V is consid-
ered the first choice for uncomplicated pneumonia, high
doses ranging from 1 million to 1.5 million IU thrice-daily
are recommended.*?* According to data from the European
Center for Disease Prevention and Control for the year 2014,
resistant strains accounted for 20% of the pneumococci iso-
lated in Spain.® Most of this resistance rate corresponded
to intermediate resistant organisms, against which higher
doses of penicillin are recommended. From a microbiolog-
ical standpoint, bacterial eradication is achieved when the
concentration of antibiotic is above 40-50% of the time
between B-lactams dose intervals. For partially resistant
strains, it is recommended that this time be above 60%.%°
We know that the bioavailability of penicillin V is very vari-
able, ranging from 25% and 60%. However, one study found
that the MICs achieved with penicillin V were higher than
with penicillin G administered parenterally.?’ Fredlund et al.
in Sweden, showed that oral penicillin V was as effective
as parenteral penicillin in patients with CAP when the for-
mer was administered during 10 days.?® Regarding the safety
of the regimen of 1.6 million units (corresponding approx-
imately to 1 gram of penicillin V) thrice-daily, this dose is

Favours

Difference (%) penicillin V

Forest-plot representing the 95% confidence intervals of the percentage differences for the main and secondary end-

not marketed in Spain, although a presentation of 1.5 mil-
lion IU is available in Scandinavian countries. In addition,
the British National Formulary recommends doses of up to
1 gram of penicillin V every 6 h.?’ We think that the dose of
1.6 million units taken thrice daily was fully justified in this
clinical trial.

The statement that resistant organisms lead to failure is
controversial. A large proportion of patients die because of
the severity of their disease and the associated comorbid-
ity but not due to failure of the antibiotic. Pallarés et al.
provided evidence that the risk of death by pneumococcal
pneumonia treated with benzylpenicillin or ampicillin was
similar regardless of whether the patients were infected
with germs resistant or not to penicillin.*® In other stud-
ies evaluating the effectiveness of penicillin in monotherapy
for the treatment of non-meningeal pneumococcal infec-
tions within the first 48 h in adults, an increase in mortality
was not observed when the infection was caused by a strain
with an MIC <2 wg/ml.>" However, in our study amoxicillin
is associated with better clinical outcomes than oral phe-
noxymethylpenicillin.

Some scientific societies, such as the Spanish Society of
Family Medicine, recommend amoxicillin as the first-choice
antibiotic for non-severe CAP in countries where pneumo-
coccal resistance is observed,’~” and according to the results
of the present study, there is no reason to change this rec-
ommendation.
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What is known about the topic

e The Spanish Society of Family Medicine recom-
mends amoxicillin as the first-choice antibiotic for
non-severe community-acquired pneumonia, since
pneumococcal resistance is currently observed in
Spain.

e The massive use of broad-spectrum antibiotics for
respiratory tract infections (amoxicillin, amoxicillin
and clavulanate and fluoroquinolones) is associated
with a rapid increase of antimicrobial resistance.

What this study adds

e This trial planned to address hypothesis that the
administration of high doses of a narrow-spectrum
antibiotic - penicillin V - in adults with uncompli-
cated pneumonia was not less effective than high
doses of amoxicillin.

e Amoxicillin was superior to penicillin V with statisti-
cally significant differences.

e These results might only be valid for countries with
isolation of pneumococcal strains partially and highly
resistant to penicillin, such as Spain.
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