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Objectives: To determine whether early switch to oral antibiotic treatment in adults with neutropenic
sepsis at low risk of complications is non-inferior to switching later.
Methods: This non-inferiority, parallel-group, randomized, open-label clinical trial enrolled UK adults
hospitalized with neutropenic sepsis. Participants were randomly assigned to either switch to oral cip-
rofloxacin plus co-amoxiclav within 12e24 hours or to continue intravenous treatment for at least
48 hours. The primary outcome was a composite measure of treatment failure, 14 days after randomi-
zation. The non-inferiority margin was 15%.
Results: There were 129 participants from 16 centres and 125 were assessed for the primary outcome. Of
these, 113 patients completed protocolized treatment and comprised the per-protocol population. In
total, 9 (14.1%) of 64 patients in the standard care arm met the primary end point, compared with 15
(24.6%) of 61 in the early switch arm, giving a risk difference of 10.5% (1-sided 95% CI, �∞% to 22%; p
0.14). In the per-protocol population, 8 (13.3%) of the 60 patients in the standard care arm met the
primary end point, compared with 9 (17%) of 53 in the intervention arm giving a risk difference of 3.7%
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Randomized controlled trial
Treatment
(one-sided 95% CI, �∞% to 14.8%; p 0.59). Duration of hospital stay was shorter in the intervention arm
(median 2 [inter-quartile range (IQR) 2e3] vs. 3 days [IQR 2e4]; p 0.002).
Discussion: Although non-inferiority of early oral switch was found in the per-protocol population, the
intervention was not non-inferior in the intent-to-treat population. Vicky Coyle, Clin Microbiol Infect
2024;30:92
© 2023 The Author(s). Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology
and Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
Introduction

Neutropenic sepsis (NS) is a well-recognized complication of
systemic anti-cancer treatment (SACT) and requires time-critical
management [1e5]. There is less consensus on subsequent man-
agement, including timingof the switch from intravenous (i.v.) to oral
antibiotic, antibiotic duration and need for hospital admission [6].

Guidance from the UK National Institute for Health and Care
Excellence (NICE) recommends switch to oral antibiotics in patients
who are at low risk of complications after 48 hours of i.v. therapy
[2]. The NICE guideline development group noted that earlier oral
switch may be beneficial for patients, but required further research
[2]. Current treatment strategies probably drive overtreatment [7].

The EASI-SWITCH trial was designed in response to a commis-
sioned call from the UK National Institute of Health and Care
Research Health Technology Assessment programme to address
this evidence gap. The trial was terminated before reaching the
target sample size because of under-recruitment.
Methods

Study design and inclusion criteria

The protocol has been published [8] and the full trial protocol is
provided in Supplementarymaterial. The protocol was approved by
a UK Research Ethics Committee (6 October 2015, Ref 15/NI/0161),
the study Sponsor (Belfast Health & Social Care Trust), and the
research governance oversight group at each participating site.
Written informed consent was obtained from all patients. The re-
sults are reported in accordance with the CONSORT statement
extension for Non-inferiority and Equivalence Trials [9].

This was a multicentre open-label, parallel-group, randomized
trial of early switch to oral antibiotics vs. standard care in adult
patients presenting with NS following SACT whowere at low risk of
complications (based on the Multinational Association of Sup-
portive Care in Cancer [MASCC] score). Patients (>16 years)
receiving SACT and presenting with neutropenia (absolute
neutrophil count of �1.0 � 109/L) and either a temperature of at
least 38�C or other findings consistent with clinically significant
sepsis were eligible for inclusion provided there was: anticipated
neutropenia duration of <7 days; MASCC score of �21; adequate
oral intake; adequate organ function (transaminase levels of <5 �
upper limit of normal and creatinine <3 � upper limit of normal);
and the physician in charge of patients' care agreed with enrol-
ment, including willingness to not prescribe treatment with
colony-stimulating factor (CSF).

Patients had to be randomly assignedwithin 24 hours of starting
routine empirical antibiotic treatment (meropenem or piperacillin-
tazobactam) for the presenting episode of NS. Exclusion criteria
included allergy or contraindication to any study drug; diagnosis of
acute leukaemia or haematopoietic stem cell transplant; hypoten-
sion within 24 hours pre-randomization (systolic pressure of <90
mmHg or reduction of >40 mmHg from baseline on >1
measurement); previous trial enrolment; previous documentation
of a resistant organism; localizing signs of severe infection; unable
to provide informed consent; pregnancy; or breastfeeding. Treat-
ment with CSF for the presenting episode excluded otherwise
eligible participants, but prophylactic CSF was not an exclusion
criterion if prescribed as an integral component of SACT.

Study population, randomization, masking, and stratification

Patients were recruited from 16 UK hospitals (see Supplemen-
tary material). Eligible participants were allocated to intervention
or standard care arms using an automated online randomization
system, ensuring allocation concealment, in a 1:1 ratio with blocks
of randomly permuted sizes. Patients, physicians, and investigators
were not blinded to treatment after randomization. There were no
factors for stratification.

Intervention and follow-up

Patients allocated to control received at least 48 hours i.v. an-
tibiotics (meropenem or piperacillin-tazobactam), in accordance
with UK guidelines [2]. Thereafter, oral switch and/or antibiotic
discontinuation was at the treating physician's discretion. Patients
allocated to intervention received 12 to 24 hours of i.v. antibiotics
followed by switch to an oral regimen of ciprofloxacin 750 mg
twice daily and co-amoxiclav 625 mg 3 times daily to complete 5
days' total treatment. Additional antibiotics or CSF for treatment of
NS were prohibited.

Patients were followed up for 28 days after randomization.

Outcomes

The primary outcome was treatment failure, a composite mea-
sure assessed on day 14, defined by the presence of any one of
persistence or recurrence of fever (temperature of >38�C) 72 hours
after starting i.v. antibiotics; physician-directed escalation from
protocol-specified treatment; hospital readmission (related to
infection or antibiotic treatment, as assessed by treating physician);
critical care admission; or death.

The following secondary outcome measures were also assessed
on day 14: (a) time to resolution of fever from initial i.v. antibiotic
administration; (b) adverse events because of antibiotics or route of
administration; (c) length of hospitalization; and (d) patient pref-
erences for antibiotic treatment (see Supplementary material).
Further secondary outcome measures were assessed on day 28
(Table 5).

Results

Demographic and clinical characteristics of patients

Between December 2015 and November 2019, 827 patients
were screened, of whom 129 (15.6%) were randomly assigned. The

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Fig. 1. Study flow diagram.
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main reasons for non-randomization after screening were the
absence of an absolute neutrophil count �1.0 � 109/L, and falling,
with a temperature �38�C (N¼ 301); absence of documented fever
�38�C or other signs/symptoms of sepsis (N ¼ 108); underlying
diagnosis of acute leukaemia (N ¼ 38); MASCC score �21 (N ¼ 28);
and ongoing treatment with CSF (N ¼ 25).



Table 1
Summary demographic and clinical characteristics at randomization

Baseline characteristics Treatment group

Standard care Intervention

n ¼ 64 n ¼ 65

Age (y) 56.2 (15.1) 56.6 (13.4)
Gender
Men 21 (32.8%) 20 (30.8%)
Women 43 (67.2%) 45 (69.2%)

Malignancy
Solid tumour 59 (92.2%) 62 (95.4%)
Haematological 5 (7.8%) 3 (4.6%)

Solid tumour type
Breast
Lung
Gastrointestinal/hepatobiliary
Germ cell
Genitourinary
Head and neck
Gynae
Sarcoma
Other

n ¼ 59
30 (50.9%)
4 (6.8%)
4 (6.8%)
3 (5.1%)
5 (8.5%)
2 (3.4%)
4 (6.8%)
4 (6.8%)
3 (5.1%)

n ¼ 62
36 (58.1%)
3 (4.8%)
5 (8.1%)
0 (0.0%)
5 (8.1%)
0 (0.0%)
3 (4.8%)
4 (6.5%)
6 (9.7%)

Cancer treatment intention
Radical 9 (14.1%) 3 (4.6%)
Palliative 16 (25.0%) 20 (30.8%)
Adjuvant/neoadjuvant 38 (59.4%) 30 (61.5%)
Other 1 (1.6%) 2 (3.1%)

Cancer treatment line
1st line
2nd line
3rd line and beyond

n ¼ 64
54 (84.4%)
7 (10.9%)
3 (4.7%)

n ¼ 64
55 (85.9%)
7 (10.9%)
2 (3.1%)

Maximum temperature 38.2 (0.6) 38.2 (0.8)
Absolute neutrophil count 0.3 (0.3) 0.3 (0.3)
Symptoms of mild local infectiona

Cough 15 (23.4%) 21 (32.3%)
Sore mouth/throat 29 (45.3%) 22 (33.8%)
Dysuria 3 (4.7%) 5 (7.7%)
Nausea/vomiting 11 (17.2%) 10 (15.4%)
Diarrhoea 10 (15.6%) 9 (13.9%)
Other symptoms 32 (50.0%) 29 (44.6%)

MASCC score 24.0 (1.8) 24.3 (1.8)
Prophylactic GCSF administered

Yes
No

22 (34.4%)
42 (65.6%)

10 (15.6%)
54 (84.4%)

C-reactive protein (mg/L) 48.6 (49.2) 50.3 (52.7)
Blood culturesb

Positive
Negative

20 (10.9%)
163 (89.1%)

16 (7.6%)
196 (92.5%)

Measurements recorded on the day of randomization.
Mean (SD) presented for continuous variables and n (%) for all categorical variables.
GCSF, Granulocyte colony stimulating factor; MASCC, Multinational Association of
Supportive Care in Cancer.

a Yes responses tabulated.
b Number of positive blood culture sets; some patients reported >1 of each.

Table 2
Analyses for the primary outcome in the intent-to-treat and per-protocol
populations

Standard care Intervention Risk difference
(One-sided 95% CI)

p

Treatment failure ITT (N ¼ 125)
Yes 9 (14.1%) 15 (24.6%) 0.105 (�∞ to 0.22) 0.14
No 55 (85.9%) 46 (75.4%)

Treatment failure PP (N ¼ 113)
Yes 8 (13.3%) 9 (17.0%) 0.036 (�∞ to 0.148) 0.59
No 52 (86.7%) 44 (83.0%)

The 95% one-sided confidence limit that was compared with the 15% margin to
assess non-inferiority was derived from the upper bound of a two-sided 90% CI. The
p value given is from significance testing of observed differences between trial arms
using the Pearson chi-square test.
ITT, intention-to-treat; PP, per-protocol.
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Of the 129 randomly assigned participants, 125 were included in
the primary analysis with 4 excluded: 1 randomized in error, 1
withdrew consent, and 2 lost to follow-up. Of the 125 patients, 61
were allocated to the early oral switch arm and 64 to the standard
care arm (Fig. 1). Baseline demographic and clinical details of pa-
tients are summarized in Table 1 (detailed characteristics in Sup-
plementary materials). The groups were generally balanced across
these characteristics.

Trial recruitment was slow despite efforts to maximize
recruitment. Following Data Monitoring Committee (DMC) review
after 42 months of recruitment (including a 6-month recruitment
pause during the 48-month study period), with 129 patients
enrolled, the DMC advised the Trial Steering Committee and
Sponsor to close the trial. The DMC had full access to study results
and, although there were no safety concerns, deemed that reaching
the planned sample size of 230 was unachievable.

Primary outcome

In the ITT analysis, 9 (14.1%) of 64 patients in the standard care
arm met the treatment failure primary end point, compared with
15 (24.6%) of 61 in the early oral switch arm. The risk difference of
10.5% (one-sided 95% CI, �∞% to 22%; p 0.14) was such that the
intervention was not found to be non-inferior to standard care in
the ITT population (Table 2).

The result of the PP analysis was not consistent with this. In the
PP population, 8 (13.3%) of 60 patients in the standard care armmet
the primary end point of treatment failure, compared with 9 (17%)
of 53 in the early oral switch arm. The risk difference of 3.7% (one-
sided 95% CI, �∞% to 14.8%; p 0.59) was such that interventionwas
found to be non-inferior to standard care in the PP population.

Of the 12 ITT patients who were excluded from the PP popula-
tion, 8 had been allocated to the intervention arm; of these, 4 had
their antibiotic treatment stopped prematurely, 1 had substantial
interruption to treatment (at least 2 consecutive missed doses), and
1 had less than 12 hours of initial i.v. treatment. Among these 8
participants, 6 had treatment failure. The 4 patients excluded from
the standard care arm had oral switches after less than 48 hours of
i.v. antibiotics.

The main constituents of the composite primary outcome
measure that accounted for treatment failure were persistence/
recurrence of fever and/or physician-directed escalation from the
protocolized antibiotic regimen (Table 3). Critical care admission or
death did not account for treatment failure in either arm. Subgroup
analyses of the primary outcome in the ITT population found no
significant interactions (Table 4).

Secondary outcomes

For patients with available secondary outcome data, the
duration of hospital stay was significantly shorter among patients
in the intervention arm (median 2 [IQR 2e3] vs. 3 [IQR 2e4] days,
p 0.002). There were no statistically significant differences be-
tween trial arms for other measures (Table 5). The mean duration
of i.v. antibiotic therapy (and SD) was 54.8 hours (24.2) and 22.6
hours (26.9) in the standard care and early switch intervention
groups, respectively.



Table 3
Constituents of the composite primary outcome measure leading to patients reaching the treatment failure end point in the ITT population

Standard care (n ¼ 64) Intervention (n ¼ 61) Difference (95% CI) p

Persistence/recurrence of fever (temperature
�38�C) after 72 h of intravenous antibiotic
initiation

n ¼ 62 n ¼ 60 0.102 (0.010, 0.215)

Yes 4 (6.5%) 10 (16.7%)
No 58 (93.6%) 50 (83.3%) 0.08

Physician-directed escalation from protocol-specified antibiotic treatment
Yes 6 (9.4%) 10 (16.4%) 0.070 (0.047, 0.187)
No 58 (90.6%) 51 (83.6%) 0.24

Day 14: critical care admissiona n ¼ 62
Yes 0 0
No 62 (100%) 61 (100%)

Day 14: readmission to hospital n ¼ 62 N ¼ 61 0.001 (0.062, 0.063)
Yes 2 (3.2%) 2 (3.3%)
No 60 (96.8%) 59 (96.7%) 0.99

Day 14: patient survival statusb

Alive 64 (100%) 61 (100%)
Deceased 0 0

The number of patients for whom each component of the composite outcome measure was available is expressed, by the trial arm, for that measure and the p value given is
from significance testing of observed differences between trial arms using the Pearson chi-square test.
Frequency and percentage presented for treatment arms.
ITT, intention-to-treat.

a There were no critical care admissions recorded before day 14.
b There were no deaths recorded before day 14.

Table 4
Subgroup analyses

Treatment failures

Standard care Intervention Risk difference (99% CI) Interaction p

Neutrophil count at randomization
�0.5 � 109/L (n ¼ 92) 7 (14.6%) 11 (25.0%) 0.10 (�0.11 to 0.32) 0.51
>0.5 � 109/L (n ¼ 33) 2 (12.5%) 4 (23.5%) 0.11 (�0.23 to 0.45)

Maximum temperature on presentation
�38�C (n ¼ 41) 3 (13.0%) 4 (22.2%) 0.09 (�0.22 to 0.40) 0.50
�38�C (n ¼ 84) 6 (14.6%) 11 (25.6%) 0.11 (�0.11 to 0.33)

Positive blood culture
No (n ¼ 99) 7 (13.7%) 11 (22.9%) 0.09 (�0.11 to 0.29) 0.39
Yes (n ¼ 21) 2 (20.0%) 4 (36.4%) 0.16 (�0.33 to 0.66)

Risk differences and 99% CI from the treatment� subgroup interaction models are presented for two of the three pre-specified subgroups and one post hoc subgroup (positive
blood cultures at baseline) for the primary outcome of treatment failure. The p values presented are from a global test for interaction and indicate no significant interactions.

Table 5
Secondary outcome measures

Standard care Intervention p

Day 14: time to fever resolution from initial i.v. antibiotic administration (median, interquartile range)a n ¼ 36
25.6 h (8.5 to 46.0)

n ¼ 37
18.5 (9.5 to 39.6)

0.52

Day 14: length of hospital stay (median, interquartile range)a n ¼ 58
3 d (2 to 4)

n ¼ 52
2 d (2 to 3)

0.002

Day 28: readmission to hospital (related to infection or antibiotic treatment)b n ¼ 64
6 (9.4%)

n ¼ 61
11 (18.0%)

0.16

Day 28: change in subsequent planned SACTb n ¼ 61
22 (36.1%)

n ¼ 59
22 (37.3%)

0.89

Day 28: survivalb n ¼ 62
61 (98.4%)

n ¼ 61
58 (95.1%)

0.30

The number of patients for whom each secondary outcome measure was available is expressed, by the trial arm, for that measure.
Frequency and percentage presented for treatment arms.
i.v., intravenous; SACT, systemic anti-cancer treatment.

a Median and interquartile range presented and p value from Wilcoxon rank-sum test.
b p value from Pearson chi-square test.

V. Coyle et al. / Clinical Microbiology and Infection 30 (2024) 92e9996
A post hoc exploratory analysis using generalized estimating
equations found no statistically significant difference in risk of
treatment failure, when accounting for possible clustering of ob-
servations within study sites (risk difference 10.6 [95% CI, �3.2 to
54.4; p 0.13]).
Adverse events

In total 106 adverse events were recorded until day 14. Overall,
29 serious adverse events were reported. Twelve serious adverse
events occurred in the intervention arm. Details are provided in
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Supplementary material. In 28 days of follow-up, 3 patients (4.9%)
died who were allocated to the intervention arm as compared with
one patient (1.6%) in the standard care arm; no deaths occurred
within the first 14 days.

Patient preferences
A total of 114 patients (60 standard care; 54 intervention) pro-

vided responses to the questionnaire (for full results, see Supple-
mentary material). At least 95% of respondents in each arm were
satisfied with care received, the level of hospital support, and their
mode of treatment delivery.

A greater proportion in the intervention arm considered it
‘important’ to be discharged 1 to 2 days earlier, (59% intervention
vs. 35% control). However, the majority in both arms accepted risk
of readmission with early discharge (72% intervention; 65% con-
trol). When presented with the hypothetical scenario of early oral
switch and discharge with a possible readmission risk increase
(from 1530%), 74% and 64% of intervention and standard care pa-
tients, respectively, still preferred early discharge.

Discussion

This trial did not deliver a decisive conclusion on the non-
inferiority of early oral antibiotic switch in patients diagnosed
with cancer receiving treatment for low-risk NS, perhaps because
under-recruitment led to the analysis being underpowered.
Although non-inferiority of early oral switch was found in the PP
population, analysis of the ITT population was inconclusive.

Although analysis of either population alone may lead to bias,
there is particular concern that ITT analysis is not conservative in
non-inferiority trials [10,11]. Our findings do not reflect that
concern but underscore the potential for inconsistent results
arising from analyses of different patient populations. We deter-
mined a priori that a firm conclusion on non-inferiority of the
intervention would be reached only if both ITT and PP analyses
agreed.

It is notable that the PP analysis excludes many more patients
who had treatment failure in the intervention arm than in the
standard care arm. Therefore, because the ITT population included
these patients who did not receive the complete protocolized
intervention, the ITT analysis risks underestimating the efficacy of
the intervention; by comparison, the PP analysis may overcome this
issue. Conversely, there is a risk that PP analyses may be associated
with bias related to under-inclusion of early treatment failures,
although that did not seem to arise in this trial.

Although the 15% non-inferiority margin may appear wide, it
should be considered in the manifestation of treatment failure
which, in low-risk patients, typically results in fever recurrence
and/or treatment escalation to i.v. therapy. In planning the trial,
surveys of both medical professionals and patient representatives
regarded the margin favourably. Importantly, the patients recruited
to this trial affirmed their acceptance of the possible need for re-
treatment following early oral switch, corresponding to a margin
of this size.

High-quality clinical trial evidence addressing the efficacy and
safety of oral antibiotic treatment for NS is limited, relative to the
substantial pertinent patient population. Several systematic re-
views andmeta-analyses have been published focusing on outcome
measures of treatment failure and death. Treatment failure is
defined inconsistently across individual trials; furthermore, short-
term mortality is not a sensitive indicator of treatment effective-
ness. Many trials included children and there was considerable
heterogeneity in antibiotic regimens. The NICE guideline that led to
commissioning of the present trial considered the evidence
assimilated within a 2004 Cochrane review as low quality [12].
The Cochrane review was updated in 2013 capturing a further 6
trials (372 patient episodes), reporting a total of 3142 NS episodes
from 2372 patients [12]. This review found the relative risk of
treatment failure with oral vs. i.v. antibiotics was 0.96 (95% CI,
0.86e1.06). Of 14 trials that recruited adults, data from 1794 pa-
tients were included; 12 trials compared upfront oral with i.v.
treatment, and the remaining 2 evaluated oral switch at 3 and 6
days, respectively [12]. Most trials were small and typically single
centre, with only 2 trials recruiting more than 200 patients [13,14];
one of these evaluated an intervention involving oral switch after at
least 3 days of i.v. treatment, more closely representing current
standard care than early oral switch [14].

Limitations

The trial did not reach the planned sample size of 230 patients
because of slow recruitment. This problem is commonly encoun-
tered in supportive care trials in cancer, including previous NS
trials. Anecdotally, it seemed that low recruitment was driven by
the short time available for randomization following acute un-
planned admission (<24 hours). The resulting loss of power may
explain the inconclusive nature of the ITT analysis, limiting the
opportunity to reach a decisive conclusion for the trial, overall.

Treating physician agreement was a requirement for trial
enrolment which has the potential to introduce selection bias.
Although allocation concealment was achieved, the open-label
nature of the trial raises risk of performance bias. Non-blinded
outcome assessment also presents a risk of detection bias with
the potential for subjectivity in some components of the composite
outcome, although it is not possible to attach directionality to this
risk of bias.

Although the high screening:recruitment ratio may impact the
applicability of the trial's findings to future patients, most screening
‘failures’ were because of not meeting inclusion criteria. Therefore,
these are most likely to reflect patients whowere excluded because
they would not meet an acceptable, standardized, definition of NS
despite being treated on NS pathways.

It is also recognized that many patients with fever in the setting
of neutropenia may not have bacterial infections; as such, antibiotic
interventions may not modify their clinical progress. It is often
unclear which patients have bacterial infection, even in retrospect,
hence the pragmatic nature of this clinical effectiveness trial which
was intended to reflect common medical practice.

Conclusion

The trial did not deliver a decisive conclusion on the non-
inferiority of early oral antibiotic switch in patients diagnosed
with cancer receiving treatment for low-risk NS. Although non-
inferiority of early oral switch was found in the PP population,
the intervention in the ITT population was not found to be non-
inferior. Insufficient power arising from under-recruitment may
have contributed to this. The trade-off between early switch,
enabling early discharge, and the risk of treatment failure was
acceptable to patients.
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