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Doxycycline for community treatment of suspected COVID-19
in people at high risk of adverse outcomes in the UK
(PRINCIPLE): a randomised, controlled, open-label, adaptive
platform trial

Christopher C Butler, Ly-Mee Yu, Jienchi Dorward, Oghenekome Gbinigie, Gail Hayward, Benjamin R Saville, Oliver Van Hecke, Nicholas Berry,
Michelle A Detry, Christina Saunders, Mark Fitzgerald, Victoria Harris, Ratko Djukanovic, Stephan Gadola, John Kirkpatrick, Simon de Lusignan,
Emma Ogburn, Philip H Evans, Nicholas P B Thomas, Mahendra G Patel, F D Richard Hobbs, on behalf of the PRINCIPLE Trial Collaborative Group*

Summary

Background Doxycycline is often used for treating COVID-19 respiratory symptoms in the community despite an
absence of evidence from clinical trials to support its use. We aimed to assess the efficacy of doxycycline to treat
suspected COVID-19 in the community among people at high risk of adverse outcomes.

Methods We did a national, open-label, multi-arm, adaptive platform randomised trial of interventions against
COVID-19 in older people (PRINCIPLE) across primary care centres in the UK. We included people aged 65 years or
older, or 50 years or older with comorbidities (weakened immune system, heart disease, hypertension, asthma or
lung disease, diabetes, mild hepatic impairment, stroke or neurological problem, and self-reported obesity or body-
mass index of 35 kg/m? or greater), who had been unwell (for <14 days) with suspected COVID-19 or a positive PCR
test for SARS-CoV-2 infection in the community. Participants were randomly assigned using response adaptive
randomisation to usual care only, usual care plus oral doxycycline (200 mg on day 1, then 100 mg once daily for the
following 6 days), or usual care plus other interventions. The interventions reported in this manuscript are usual care
plus doxycycline and usual care only; evaluations of other interventions in this platform trial are ongoing. The
coprimary endpoints were time to first self-reported recovery, and hospitalisation or death related to COVID-19, both
measured over 28 days from randomisation and analysed by intention to treat. This trial is ongoing and is registered
with ISRCTN, 86534580.

Findings The trial opened on April 2, 2020. Randomisation to doxycycline began on July 24, 2020, and was stopped on
Dec 14, 2020, because the prespecified futility criterion was met; 2689 participants were enrolled and randomised
between these dates. Of these, 2508 (93-3%) participants contributed follow-up data and were included in the primary
analysis: 780 (31-1%) in the usual care plus doxycycline group, 948 in the usual care only group (37-8%), and
780 (31-1%) in the usual care plus other interventions group. Among the 1792 participants randomly assigned to the
usual care plus doxycycline and usual care only groups, the mean age was 61-1years (SD 7-9); 999 (55-7%) participants
were female and 790 (44-1%) were male. In the primary analysis model, there was little evidence of difference in
median time to first self-reported recovery between the usual care plus doxycycline group and the usual care only
group (9-6 [95% Bayesian Credible Interval [BCI| 8-3 to 11-0] days vs 10-1[8-7 to 11- 7] days, hazard ratio 1-04 [95% BCI
0-93 to 1-17]). The estimated benefit in median time to first self-reported recovery was 0- 5 days [95% BCI—0-99 to 2-04]
and the probability of a clinically meaningful benefit (defined as =1-5 days) was 0-10. Hospitalisation or death related
to COVID-19 occurred in 41 (crude percentage 5-3%) participants in the usual care plus doxycycline group and
43 (4-5%) in the usual care only group (estimated absolute percentage difference —0-5% [95% BCI -2-6 to 1-4]); there
were five deaths (0-6%) in the usual care plus doxycycline group and two (0-2%) in the usual care only group.

Interpretation In patients with suspected COVID-19 in the community in the UK, who were at high risk of adverse
outcomes, treatment with doxycycline was not associated with clinically meaningful reductions in time to recovery or
hospital admissions or deaths related to COVID-19, and should not be used as a routine treatment for COVID-19.
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Introduction are at higher risk of hospitalisation and death compared
There is an urgent need to identify effective and with younger patients and those without comorbidities.’

safe treatments for COVID-19, especially for older Doxycycline is a licensed, widely available,
people (age =50 years) and those with comorbidities who  inexpensive antibiotic with a favourable safety
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profile that has been proposed as a treatment for
COVID-19,>* due to its in-vitro activity against
SARS-CoV-2, with a 50% effective concentration of
4.5 pM, which is consistent with lung doxycycline
levels at standard oral doses of 100-200 mg daily.* In
addition, doxycycline has anti-inflammatory properties
that might reduce adverse outcomes. It decreases
nitrous oxide production’ and inhibits matrix
metalloproteinase-9,° which has a role in acute
respiratory distress syndrome.” Doxycycline can also
treat bacterial super-infection, which is a potentially
important pathway to severe COVID-19—particularly in
older people or those with comorbidities.

Doxycycline has been used as a specific treatment
for COVID-19 in India and Brazil;** whereas, in the
UK, national guidelines recommend doxycycline for
suspected COVID-19 pneumonia in patients at high
risk of adverse outcomes in the community, or
if bacterial infection is suspected.” WHO and the US
Centers for Disease Control and Prevention recommend
antibiotics for suspected bacterial pneumonia in
COVID-19, with doxycycline included in the treatment
guidelines for community acquired pneumonia."”
Community prescribing data from the USA and the UK
suggests there has been increased use of doxycycline
for respiratory tract infections during the COVID-19
pandemic,*” which could exacerbate antimicrobial
resistance.”® Randomised trials evaluating doxycycline
as a treatment for COVID-19 are therefore needed to
either provide evidence for its effectiveness, or if it is
shown to be ineffective, to prevent its unnecessary use.

Research in context

Evidence before this study

We searched PubMed on Feb 24, 2021, using the search terms
(“randomised” OR “trial”) AND (“doxycycline” OR
“tetracycline”) AND (“COVID*" OR "SARS-CoV-2" OR
“SARS-CoV"), with no language or date restrictions, and
identified 21 papers, one of which reported findings from a
randomised controlled trial that provided some data for the
effectiveness of doxycycline as a treatment for COVID-19
compared with controls or usual care. In this double-blind
trial from Bangladesh, the investigators compared oral
doxycycline (200 mg on day 1, followed by 100 mg every 12 h
for the next 4 days) plus oral ivermectin (12 mg once daily for
5 days), oral ivermectin alone, and a placebo control, in

72 adults (mean age 42 years) hospitalised with COVID-19
(n=24 per group). There was no evidence of difference in the
primary outcome of mean time to viral clearance between the
doxycycline plus ivermectin group (11-5 days [95% Cl
9-8-13-2]) and the placebo group (127 days [11-3-14-2];
p=0-27), although time to viral clearance was shorter in the
ivermectin alone group (9-7 days [7-8-11-8]) than in the
placebo group. We searched ClinicalTrials.gov on

Feb 24, 2021, with the same search strategy and identified

We aimed to assess whether doxycycline effects self-
reported recovery time or reduces hospital admissions or
deaths related to COVID-19 in people at high risk of
adverse outcomes in the community.

Methods

Study design

We did a national, open-label, multi-arm, adaptive platform
randomised trial of interventions against COVID-19 in
older people (PRINCIPLE) across primary care centres in
the UK. A platform trial allows multiple treatments for the
same disease to be trialled simultaneously. A master
protocol defines prospective decision criteria for stopping
interventions because of futility, declaring interventions
superior, or adding new interventions.” This design allows
the rapid assessment of multiple interventions, with the
aim of rapidly stopping interventions with little evidence of
meaningful benefit, and thereby directing resources
towards evaluation of new interventions, with the
overarching aim in this case of identifying community-
based treatments for COVID-19. Interventions evaluated
in PRINCIPLE have included hydroxychloroquine
(discontinued), azithromycin (discontinued), doxycycline,
and inhaled budesonide (discontinued). Here, we report
outcomes for doxycycline.

The UK Medicines and Healthcare products Regulatory
Agency and the South Central-Berkshire Research
Ethics Committee (20/SC/0158), recognised by the UK
Ethics Committee Authority, approved the trial protocol
version 6.3, and all trial recruitment processes. Online
informed consent was obtained from all participants. An

13 additional ongoing or completed randomised controlled
trials assessing doxycycline as a treatment for COVID-19,
none of which had yet reported results.

Added value of this study

To our knowledge, this is the first randomised controlled trial to
report the efficacy of doxycycline as a standalone treatment for
patients with COVID-19 in the community. We did not find
evidence that doxycycline meaningfully improved recovery time
or reduced hospitalisations or deaths when used in this setting.

Implications of all the available evidence

Our findings, from this study among older adults and those with
comorbidities, do not support the routine use of doxycycline for
suspected COVID-19 in the community in the absence of other
indications such as bacterial pneumonia. Emerging evidence
suggests that bacterial co-infection in COVID-19 is uncommon,
therefore antibiotic treatment is unlikely to benefit most
individuals with COVID-19 in the community in well resourced
countries, and wider use without clear benefit could lead to public
health harm through increased antibiotic resistance. Further
research to identify strategies for diagnosing bacterial pneumonia
in patients with COVID-19 in the community is needed.
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independent trial steering committee and data
monitoring and safety committee provided trial
oversight. The protocol is available online and in the
appendix (pp 2-67).

Participants

We enrolled people in the community who were aged
65 years or older, or 50 years or older with comorbidities,
who had ongoing symptoms (for <14 days) from
PCR-confirmed SARS-CoV-2 infection or suspected
COVID-19 (in accordance with the UK National Health
Service [NHS] definition of high temperature, new
continuous cough, or change in sense of smell or taste).”
Comorbidities required for eligibility in people aged
50-64 years were: weakened immune system, heart
disease, hypertension, asthma or lung disease, diabetes,
mild hepatic impairment, stroke or neurological
problem, and self-reported obesity or body-mass index
of 35 kg/m2 or greater. People were ineligible if: they
were currently an inpatient in hospital, they had
almost recovered (general condition much improved
and COVID-19 symptoms now mild or almost absent), in
the judgement of the recruiting clinician was deemed
ineligible, or if they had previously been assigned to a
group in the PRINCIPLE trial. People were ineligible to
be assigned to doxycycline if they were already taking
antibiotics for an acute condition or if doxycycline was
contraindicated (appendix p 55). Initially, eligible people
were recruited, screened, and enrolled through
participating general medical practices, but from
May 17, 2020, people across the UK could enrol online or
by telephone. After each patient completed a baseline
and screening questionnaire, a clinician or trained
research nurse confirmed their eligibility using the
patient’s primary care medical record, accessed remotely
where necessary, before randomisation.

Randomisation and masking

Participants were randomly assigned using a secure, web-
based, in-house, randomisation system (Sortition version
2.3). When the doxycycline group opened, the azithromycin
and usual care only groups were also active, and
participants were randomly assigned (1:1:1) to one of the
three groups, stratified by age and comorbidity. Subsequent
randomisation probabilities were determined using
response adaptive randomisation via regular interim
analyses, which allowed allocation of more participants to
interventions with better observed outcomes (appendix
pp 68-167). The trial team was masked to randomisation
probabilities.

Procedures

The interventions reported in this manuscript are usual
care plus oral doxycycline (200 mg on day 1, followed
by 100 mg once daily for the following 6 days) and
usual care only. Usual care in the NHS for suspected
uncomplicated COVID-19 in the community is largely

supportive. Antibiotics are only recommended for
suspected COVID-19 pneumonia if bacterial infection is
suspected or if the patient is at high risk of adverse
outcomes, in which case the guidelines recommend
doxycycline.® In this trial, doxycycline was either
prescribed or issued directly by the participant’s general
medical practitioner, or issued centrally by the study
team and delivered by urgent courier to the participant.

Participants were followed up through an online,
daily symptom diary for 28 days after randomisation,
supplemented with telephone calls on days 2, 14, and 28.
Participants were encouraged to nominate a trial partner
to help provide follow-up data. We obtained consent to
ascertain health-care use outcome data from general
practice and hospital records. We aimed to provide a
SARS-CoV-2 self-swab for PCR testing promptly after
randomisation, but capacity issues early in the COVID-19
pandemic meant swab testing was unavailable for some
participants.

Outcomes
The trial commenced with the primary outcome of
hospitalisation or death related to COVID-19 within
28 days of randomisation. However, the proportion of
patients requiring admission to hospital in the UK” was
lower than initially expected.” Therefore, the trial
management group and steering committee recom-
mended amending the primary outcome to include a
measure of illness duration.”* Duration of illness is an
important outcome for patients and has important
economic and social impacts. Furthermore, treatments
that do not shorten illness duration are also unlikely to
provide a benefit in COVID-19-related hospitalisations
or deaths. This change received ethical approval on
Sept 16, 2020, and was implemented before any interim
analyses were done. Thus, the trial had two coprimary
endpoints measured over 28 days from randomisation:
time to first self-reported recovery (defined as the first
instance that a participant reported feeling recovered),
and hospitalisation or death related to COVID-19.
Secondary outcomes were a rating of how well
participants feel (participants were asked “How well are
you feeling today? Please rate how you are feeling now
usinga scale of 1-10, where 1is the worst you can imagine,
and 10 is feeling the best you can imagine”), time to
sustained recovery (date the participant first reported
feeling recovered and subsequently remained well until
28 days after randomisation), time to initial alleviation of
symptoms (date participant first reported all symptoms
as minor or none), time to sustained alleviation of
symptoms, time to initial reduction of severity of
symptoms, duration of hospital admission, contacts
with health services, adherence to study treatment, the
WHO-5 Well-Being Index,” and treatment effects among
SARS-CoV-2 PCR-positive participants. We included
secondary outcomes capturing sustained recovery due to
the recurrent nature of COVID-19 symptoms.
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Statistical analysis

Sample size calculations are detailed in the appendix
(p 79), where we justify sample sizes by simulating
the operating characteristics of the adaptive design
in multiple scenarios, which explicitly account for
response adaptive randomisation, early stopping for
futility or success, and multiple interventions. In brief,
for the primary outcome analyses, assuming a median
time to recovery of 9 days in the usual care only group,
approximately 400 participants per group would provide
90% power to detect a 2-day difference in median
recovery time. Assuming 5% hospitalisation in the usual
care only group, approximately 1500 participants per
group would provide 90% power to detect a 50% reduction
in the relative risk of hospitalisation or death.

Statistical analyses are detailed in the master statistical
analysis plan (appendix pp 168-207). The first primary
outcome, time to first self-reported recovery, was analysed
using a Bayesian piecewise exponential model regressed
on treatment and stratification covariates, and included
parameters for temporal drift. The second primary
outcome, hospitalisation or death related to COVID-19,
was analysed using a Bayesian logistic regression model
regressed on treatment and stratification covariates. The
primary outcomes were evaluated using a gate-keeping
strategy to preserve the overall type I error of the primary
endpoints without additional adjustments for multiple
hypotheses. The hypothesis for the time to first self-
reported recovery endpoint was evaluated first, and if the
null hypothesis was rejected, the hypothesis for the
second coprimary endpoint of hospitalisation or death
was evaluated. In the context of multiple interim
analyses, the master protocol specifies that each null
hypothesis is rejected if the Bayesian posterior probability
of superiority exceeded 0-99 for the time to recovery
endpoint and 0-975 (via gate-keeping) for the
hospitalisation or death endpoint. Based on trials of
antibiotics for lower respiratory tract infection,® a
minimum of 1-5 days difference in median time to first
report of recovery, and 2% difference in hospitalisation
or mortality rate were prespecified as clinically
meaningful. If there was insufficient evidence of a
clinically meaningful benefit in time to recovery, futility
was declared and randomisation to that intervention was
stopped, meaning other interventions could be evaluated
more rapidly in the trial.

Bayesian methods were specified for the primary
analysis for multiple reasons, including: the ability to
incorporate response adaptive randomisation based on
a Bayesian posterior distribution of each intervention
being the best intervention; the ability to update
Bayesian posterior distributions via interim analyses
and base decisions on probabilistic summaries; and the
ability to account for temporal drift using Bayesian
smoothing methodologies. Bayesian prior distributions
were prespecified and were chosen to allow the data to
dominate model estimation.

The prespecified primary analysis population included
all eligible participants who were assigned to usual care
plus doxycycline, usual care only, or usual care plus other
interventions, from the start of the platform trial until
randomisation to doxycycline was stopped, with data
extracted after a further 28 days of follow-up. Because this
population included participants who were assigned to
usual care only before the usual care plus doxycycline
group opened, the primary analysis models include
parameters to adjust for temporal drift in the study
population, which might have occurred due to changes in
circulating SARS-CoV-2, usual care, or the pandemic
situation, as well as changes in the inclusion or exclusion
criteria over time. These parameters provide an estimated
trajectory for the primary endpoint in the usual care only
group over time via Bayesian hierarchical modelling;
methodological details are provided in the appendix
(pp 68-167). We did a sensitivity analysis that compared
each intervention versus the concurrently randomised
controls (participants who were randomly assigned
to usual care only during the time period when the usual
care plus doxycycline group was open to randomisation),
which should be consistent with the primary
analysis results. Although analyses for non-concurrent
randomised controls are not typically implemented in
traditional trials, they are becoming standard practice in
many high-profile adaptive platform trials.*”* In
addition, we did a secondary analysis restricted to
SARS-CoV-2 PCR-positive participants in the primary
analysis population.

Analyses of the secondary outcomes, and prespecified
subgroup analyses on age, comorbidity, swab results,
duration of symptoms before randomisation, and
severity of symptoms scores at baseline (appendix p
200), were done on the concurrent randomisation
analysis population, defined as all participants who
were randomly assigned to usual care plus doxycycline
or usual care only during the time period when the
usual care plus doxycycline group was open to
randomisation. Secondary time-to-event outcomes were
analysed using Cox proportional hazard models, and
binary outcomes were analysed using logistic
regression, adjusting for comorbidity status, age,
duration of illness, and eligibility for doxycycline at
baseline.

All statistical analyses were done using R (version 3.6.0)
and Stata (version 16.1). This trial is registered with
ISRCTN, 86534580.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
The trial opened on April 2, 2020, and randomisation to
doxycycline began on July 24, 2020. On Dec 14, 2020,
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the trial steering committee, after review of planned
interim analyses by the data monitoring and safety
committee, advised the trial management group to stop
randomisation to doxycycline because the prespecified
futility criterion was met. By then, 2689 people had been
enrolled and randomised. 712 (26-5%) participants were
enrolled directly through 223 primary care practices and
1972 (73-5%) were enrolled via online or telephone contact
with the study team. 827 (30-8%) participants were
assigned to the usual care plus doxycycline group,
1013 (37-7%) to the usual care only group, and 849 (31-6%)

to the usual care other interventions group (figure 1).
2508 participants contributed follow-up data and were
included in the primary analysis: 780 (31-1%) in the usual
care plus doxycycline group, 948 (37-8%) in the usual care
only group, and 780 (31-1%) in the usual care plus other
interventions group. To protect the integrity of the platform
trial and other interventions, here we only provide
descriptive summaries of participants assigned to usual
care plus doxycycline and usual care only.

The mean age of participants was 61 years
(range 50-90); 999 (55-7%) participants were female

| 30993 patients screened for eligibility

—D| 27120 did not meet the eligibility criteria and were excluded

y

| 3873 registered for general practitioner eligibility check |

1184 excluded
748 were ineligible
28 were unable to be contacted
85 did not respond
40 had no response from their general practitioner
51 did not provide informed consent
13 no longer wished to take part
8 were not registered with the general practice
4 had eligibility check refused by general practitioner
54 were awaiting response
148 had eligibility check in progress
5 excluded for unknown reasons

y

2689 enrolled and randomly assigned

v ,

v

827 assigned to the usual care plus doxycycline
group

1013 assigned to the usual care only group

849 assigned to the usual care plus other
interventions group

29 excluded
N 11 were ineligible N

18 withdrew consent and had no

19 excluded

3 were ineligible
16 withdrew consent and had no

medical notes review*

medical notes review*

A

y

798 received usual care plus doxycycline

994 received usual care only

18 not included in the analyses
5 recovered at day O
] 13 had no diary information

46 not included in the analyses
7 recovered at day 0
> 39 had no diary information

69 not included in the analyses
1 recovered at day 0

™ 35 had no diary information

33 for other reasons

A

y

780 were included in the primary analysis
population
435 were included in the SARS-CoV-2
PCR-positive analysis population for
primary analysis
780 were included in the concurrent
randomisation analysis population

948 were included in the primary analysis
population
336 were included in the SARS-CoV-2
PCR-positive analysis population for
primary analysis
644 were included in the concurrent
randomisation analysis population

780 were included in the primary analysis
population
275 were included in the SARS-CoV-2
PCR-positive analysis population for
primary analysis
483 were included in the concurrent
randomisation analysis population

Figure 1: Trial profile

Data for participants assigned to usual care plus other interventions are not presented in this report. *Participants provided no diary information.
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Usual care plus  Usual care Total Usual care plus  Usual care Total
doxycycline onlygroup  (n=1792) doxycycline onlygroup  (n=1792)
giotp (n=994) group (n=994)
(n=798) (n=798)
Age, years (Continued from previous column)
Mean (SD) 613 (77) 60-9 (7-9) 61-1(7-9) Comorbidity 697 (87:3%) 866 (871%) 1563 (87-2%)
=65 303 (38-0%) 359 (36:1%) 662 (36:9%) Comorbidities
<65 495 (62-0%) 635(63:9%) 1130 (63-1%) Asthma, COPD, or 304 (38-1%) 364 (36:6%) 668 (37-3%)
Sex lung disease
Female 439 (55:0%) 560 (56:3%) 999 (55:7%) Diabetes 134 (16-8%) 188 (18:9%)  322(18-0%)
Male 358 (44-9%)  432(43-5%) 790 (44-1%) Heart problemst 107 (13-4%) 148 (14-9%) 255 (14-2%)
Missing 1(01%) 2(0:2%) 3(0:2%) :33::;0:12;?;;; 318 (39-8%) 425 (42-8%) 743 (41-5%)
Ethnicity” Liver disease 18 (2:3%) 24 (2-4%) 42 (2:3%)
White PR PG ARDETTY) Stroke or other 53 (6-6%) 58 (5-8%) 111 (6-2%)
Mixed background 8(1:0%) 22 (2:2%) 30(1-7%) neurological problem
South Asian 43 (5-4%) 45 (4-5%) 88 (4-9%) Taking ACE inhibitor} 163 (20-4%) 204 (20-5%) 367 (20-5%)
Black 6 (0-8%) 5(0:5%) 11 (0-6%) Fever at baseline
Other 2(0:3%) 10 (1:0%) 12 (0-7%) No problem 377(472%)  432(435%) 809 (45:1%)
Missing 0 92 (9-3%) 92 (5:1%) Minor problem 247 (310%)  339(341%) 586 (327%)
Index of multiple deprivation quintile Moderate problem 156 (19-5%) 198 (19:9%) 354 (19-8%)
1(mostdeprived)  183(229%)  241(243%) 424 (237%) Major problem 18 (2:3%) 25 (2:5%) 43 (2-4%)
2 152 (191%) 190 (191%) 342 (19:1%) Cough at baseline
3 159 (19-9%)  189(19:0%)  348(19-4%) No problem 162 (20-3%) 170 (17-1%) 332 (18-5%)
4 154 (19:3%) 196 (197%) 350 (19-5%) Minor problem 320 (401%) 393 (395%) 713 (39-8%)
5 (least deprived) 149 (18-7%) 176 (17:7%)  325(181%) Moderate problem 275 (34:5%) 371(37:3%) 646 (36:0%)
Missing 1(0: 1%) 2 (0 2%) 3(0-2%) Major problem 41(51%) 60 (6:0%) 101 (5:6%)
Duration of illness 6 (4- 6 (4- 6 (4-9) Shortness of breath at baseline
before randomisation
in days, median (IQR) No problem 339 (42:5%) 327(329%) 666 (37:2%)
Smoking status Minor problem 303 (38:0%) 431(43-4%) 734 (41.0%)
Current smoker 74 (9:3%) 125(12:6%) 199 (111%) Moderate problem 134 (16-8%)  213(21-4%) 347 (19-4%)
Former smoker 309 (38:7%) 367 (36:9%) 676 (37-7%) Major problem 22(2:8%) 23(23%) 45 (2:5%)
Never smoker 404(506%)  476(47:9%) 880 (49-1%) Muscle ache at baseline
Missing 11 (1-4%) 26 (2:6%) 37(2:1%) No problem 246 (30-8%) 298 (30:0%) 544 (30-4%)
SARS-CoV-2 PCR result Minor problem 294 (36-8%) 376 (37-8%) 670 (37-4%)
Negative 293 (36:7%) 460 (46:3%) 753 (42:0%) Moderate problem 203 (25-4%) 238(23:9%) 441 (24-6%)
Positive 442 (55-4%) 349 (351%) 791 (44-1%) Major problem 55 (6-9%) 82 (82%) 137 (7-6%)
N sl 9 (11%) 7(0-7%) 16 (0-9%) Nausea at baseline
Not available 54(6-8%) 178 (17:9%) 232 (12:9%) No problem 604 (757%)  743(747%) 1347 (752%)
(Table 1 continues in next column) Minor problem 138 (17:3%) 5(20:6%) 343 (19-1%)
Moderate problem 45 (5-6%) 38 (3-8%) 83 (4-6%)
Major problem 11 (1-4%) 8(0-8%) 19 (11%)
and 790 (44-1%) were male. 1563 (87-2%) of (Table 1 continues in next column)

1792 participants in the usual care plus doxycycline and
usual care only groups had comorbidities. The median
duration of illness before randomisation was
6 days (IQR 4-9). 1544 (86-2%) participants had a
SARS-CoV-2 PCR test result available, taken a median
of 4 days (IQR 2-9) after symptom onset, of whom
791 (51-2%) had a positive result. Baseline characteristics
were similar between the two groups (table 1),
particularly in the concurrent analysis population
(appendix pp 421-422).

Follow-up information was available for 1728 (96-4%)
of 1792 participants. 656 (82-2%) of 798 participants in
the usual care plus doxycycline group reported taking
doxycycline for at least 6 days.

Of 780 participants who received doxycycline in the
primary analysis population, 596 (76-4%) reported first
feeling recovered within 28 days after randomisation,
compared with 717 (75-6%) of 948 in the usual care only
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Usual care plus  Usual care Total
doxycycline onlygroup  (n=1792)
Eefy (n=994)

(n=798)

(Continued from previous column)

Feeling generally unwell or malaise at baseline

No problem 60 (7-5%) 52 (5-2%) 112 (6-3%)
Minor problem 357 (44-7%) 333(335%) 690 (38-5%)
Moderate problem 322 (40-4%) 321(32:3%) 643 (35-9%)
Major problem 59 (7-4%) 61 (6-1%) 120 (6-7%)
Diarrhoea at baseline
No problem 598 (74-9%) 577 (58:0%) 1175 (65-6%)
Minor problem 150 (18-8%) 134 (135%) 284 (15-8%)
Moderate problem 39 (4-9%) 44 (4-4%) 83 (4-6%)
Major problem 11(1-4%) 12 (1-2%) 23 (1-3%)
Taken antibiotics since 14 (1-8%) 41 (4-1%) 55 (3:1%)
illness started
Use of health-care services
General practice 185 (23-2%) 279 (28-1%) 464 (25-9%)
Other primary care 35 (4-4%) 66 (6:6%) 101 (5-6%)
services
NHS 111 106 (13:3%) 179 (18-0%) 285 (15-9%)
Emergency 8 (1-0%) 14 (1-4%) 22 (12%)
department
Other health-care 13 (1-6%) 30 (3:0%) 43 (2-4%)
services
WHO-5 Well-Being 533 (24-6) 495 (24-5) 512 (24-6)

Index score, mean

(SD)SY

Data are n (%) unless otherwise stated. Data are shown for all eligible, randomised
participants, some of whom were excluded from the final analyses. COPD=chronic
obstructive pulmonary disease. ACE=angiotensin-converting enzyme.
NHS=National Health Service. *Data on ethnicity were collected retrospectively
via notes review before July, 2020. tHeart problems included angina, heart attack,
heart failure, atrial fibrillation, and valve problems. Such as ramipril, lisinopril,
perindopril, captopril, or enalapril. SWellbeing was measured using the WHO-5
Well-Being Index, which includes five items relating to wellbeing measured on a
5-point scale; a total score is computed by summing the scores from the five
individual questions to give a raw score ranging from 0 to 25 which is then
multiplied by 4 to give the final score from 0 (representing the worst imaginable
wellbeing) to 100 (representing the best imaginable wellbeing). iData on WHO-5
Well-Being Index were missing for 24 participants in the usual care group.

Table 1: Baseline characteristics of all eligible, randomly assigned
participants by treatment group

group. Based on the Bayesian primary analysis model,
adjusted for temporal drift, the estimated median time to
first recovery was 9- 6 days in the usual care plus doxycycline
group versus 10-1 days in the usual care only group (hazard
ratio [HR] 1-04 [95% Bayesian Credible Interval (BCI) 0-93
to 1-17]; table 2), equating to an estimated median benefit
of 0-5 days (95% BCI -0-99 to 2-04). The probability that
median time to recovery was shorter in the usual care plus
doxycycline group than in the usual care only group (ie, the
probability of superiority) was 0-74 and did not meet the
0-99 threshold to declare superiority. The probability that
there was a clinically meaningful benefit (=1-5 days) in
time to recovery was 0-10.

A slightly higher rate of hospitalisations or deaths related
to COVID-19 within 28 days of follow-up was observed in
the usual care plus doxycycline group than in the usual
care only group (41 [crude percentage 5-3%)] vs 43 [4-5%);
estimated absolute percentage difference —0-5% [95% BCI
—2-6 to 1-4]; table 2). There were five deaths (0-6%) in the
usual care plus doxycycline group and two (0-2%) in
the usual care only group. The probability that rate of
hospitalisations or deaths related to COVID-19 was lower
in the usual care plus doxycycline group than in the usual
care only group (ie, the probability of superiority) was 0- 30,
and was not formally analysed for significance due to the
gate-keeping hypothesis structure. The probability that
there was a reduction in rate of hospitalisations or deaths
related to COVID-19 of at least 2% (the predefined
threshold of a clinically meaningful benefit) was 0-005.

Results of both primary outcomes were consistent in
the SARS-CoV-2 PCR-positive population (time to
recovery HR 1-05 [95% BCI 0-90 to 1-24], estimated
median benefit 0-70 days [-1-45 to 3-03], probability
of meaningful benefit 0-24; rate of hospitalisations or
deaths related to COVID-19 estimated absolute percentage
difference 1-2% [-2-7% to 5-2%]|, probability of
meaningful benefit 0- 35; table 2).

Similarly, results of both primary outcomes were
consistent in the concurrent randomisation analysis
population (time to recovery HR 104 [0-93 to 1-17],
estimated median benefit 0-57 days [-0-95 to 2-13],
probability of meaningful benefit 0-12; rate of
hospitalisations or deaths related to COVID-19 estimated
absolute percentage difference 0-2% [-2-1 to 2-5],
probability of meaningful benefit 0.062; figure 2;
appendix p 210).

Analyses of secondary outcomes showed little evidence
of differences between the two groups in the daily score of
how well participants felt over 28 days (appendix p 424),
the WHO-5 Well-Being Index, or any of the hospitalisation
secondary outcomes (table 3). Similarly, there was little
evidence of treatment benefit in the usual care plus
doxycycline group compared with the usual care only
group in time to first alleviation of symptoms, time to
sustained alleviation of symptoms, or time to initial
reduction of severity of all symptoms and individual
symptoms (appendix pp 212-215). Health-care service use
was similar between the two groups, and the proportions
of patients who were subsequently prescribed antibiotics
were small in both the usual care plus doxycycline group
(18 [5-3%)] of 341) and the usual care only group (20 [6-5%)]
of 306), although data for this outcome were available for
less than half of the participants (table 3).

In the prespecified subgroup analyses, duration of
illness before randomisation, baseline illness severity
score, age, and comorbidity did not affect the efficacy of
doxycycline on time to first self-reported recovery
(figure 3). A treatment benefit in time to first self-
reported recovery was observed in the 112 participants
who had no SARS-CoV-2 PCR result available; but there
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superiority is declared if probability is 20-975).

Usual care plus Usual care only Estimated benefit, HRorOR Probability of clinically ~ Probability of
doxycyclinegroup  group median (95% BCl) (95% BCl) meaningful benefit superiority
Model-based estimates in the primary analysis population (n=780 in the usual care plus doxycycline group and n=948 in the usual care only group)
Time to first reported recovery in days 9-6 (8:3to11-.0)* 101 (8:7to11.7)* 0-50 (-0-99t02-:04)f  1.04(0-93to1-17) 0-10% 0-74§
Hospitalisation or death related to COVID-19 51% (3-6 to 6:8)4 4-6% (3-4t0 6-1)9 -0-5% (-2-6 to 1-4)|| 113(0-73to1.74)  0-005** 0-30Tt
Model-based estimates in the SARS-CoV-2 PCR-positive population (n=435 in the usual care plus doxycycline group and n=336 in the usual care only group)
Time to first reported recovery in days 11.8 (10-3t0137)*  12-5(10-8to 14-8)* 0-70 (-1-45t0 3-03)t 1-05(0-90to 1-24)  0-24% 0-74§
Hospitalisation or death related to COVID-19 8:0% (5-7t010-8)  92% (6:6 to 12:6)9 1-2% (-2-7t0 5:2)|| 0-85(0-52t01-42)  0-35** 0-73t1

BCl=Bayesian credible interval. HR=hazard ratio. OR=o0dds ratio. *Median time to first reported recovery (95% BCl). tEstimated benefit in median time to recovery derived from a Bayesian piecewise exponential
model adjusted for age and comorbidity at baseline; a positive value in estimated benefit in median time to recovery (or HR >1) corresponds to a reduction in time to recovery in days with usual care plus
doxycycline compared with usual care only. $Estimated probability that the benefit in median time to recovery in the usual care plus doxycycline group compared with the usual care only group is at least 1.5 days.
SEstimated probability that usual care plus doxycycline is superior to usual care only (treatment superiority is declared if probability is 20-99). iModel-based estimated percentage of patients who had
hospitalisation or death within 28 days after randomisation (95% BCl). ||[Estimated benefit expressed as percentage difference in hospitalisations or deaths, derived from a Bayesian logistic regression model
adjusted for age and comorbidity at baseline; a positive value in the estimated percentage difference (or OR <1) favours usual care plus doxycycline. **Estimated probability that the benefit in hospitalisation or
death rates in the usual care plus doxycycline group compared with the usual care only group is at least 2%. TTEstimated probability that usual care plus doxycycline is superior to usual care only (treatment

Table 2: Primary outcomes

100 — Usual care plus doxycycline group

—— Usual care only group

75

50

Cumulative recovery (%)

25

Cumulative number not yet recovered
(recovered)

Usual care plus doxycycline group 780 (0) 452 (343) 284 (488) 205 (553) 162 (596)
Usual care only group 644 (0) 363(302) 246 (398) 186 (447) 147 (477)
B
100+
& 754
= 75
]
S
]
S 5o
2
&
=}
£ 251
o
0 T T T 1
0 7 14 21 28
Cumulative number not yet recovered Time since randomisation (days)
(recovered)
Usual care plus doxycycline group 435 (0) 292 (149) 189 (236) 140 (276) 114 (304)
Usual care only group 336 (0) 235 (115) 167(174) 122 (208) 96 (230)

Figure 2: Time to first self-reported recovery

(A) Concurrent randomisation analysis population. (B) SARS-CoV-2 PCR-positive participants in the concurrent
randomisation analysis population. The concurrent randomisation analysis population was defined as all
participants who were randomly assigned to usual care plus doxycycline or usual care only during the time period
when the usual care plus doxycycline group was open to randomisation.

was no effect in those with a positive or a negative
SARS-CoV-2 PCR test. In terms of serious adverse events,
five participants reported hospitalisations unrelated to

COVID-19, all of whom were in the usual care only
group.

Discussion

This adaptive platform randomised trial, in people in the
community in the UK with suspected or PCR-confirmed
COVID-19 who were at high risk of adverse outcomes,
showed that doxycycline did not meaningfully shorten
time to recovery or reduce hospitalisations or deaths
related to COVID-19 compared with usual care only.
Findings were unchanged in the secondary analysis
restricted to participants with a positive PCR test for
SARS-CoV-2 infection, and in subgroup analyses by age
and presence of comorbidities.

We identified no published randomised controlled trials
of doxycycline as a standalone treatment for COVID-19. A
small randomised controlled trial in 72 adults hospitalised
with COVID-19 in Bangladesh compared doxycycline for
5 days plus single-dose ivermectin, ivermectin alone for
5 days, and placebo.” The primary outcome of mean time
to negative SARS-CoV-2 PCR was 12-7 days (95% CI
11-3-14-2) in the placebo group and a similar 11-5 days
(9-8-13-2; p=0-27) in the doxycycline plus ivermectin
group, and was shorter in the ivermectin alone group
(9-7 days [7-8-11-8]; p=0-02) than in the placebo group.
There were no differences in hospitalisation duration. A
prospective observational study of 315 patients hospitalised
with COVID-19 pneumonia, of whom 148 (47%) received
doxycycline, found no evidence that doxycycline was
associated with decreased 30-day mortality (adjusted
HR 0-92 [95% CI 0-49-1-69]; p=0-79).”

The strengths of our study include the evaluation of
doxycycline as a standalone, early treatment, the focus
on patients in the community at increased risk of
complications, and the use of 28 days of patient-reported
outcomes which, in the case of hospitalisations and deaths,
were confirmed by medical record review. Only
three-quarters of patients reported feeling fully recovered
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during follow-up, and the median time to sustained
recovery was 22 days, reflecting the now well known
potential for COVID-19 to cause recurrent and protracted
symptoms, but we did not assess outcomes beyond 28 days.

A potential limitation of our study is the inclusion of
patients without PCR-confirmed SARS-CoV-2 infection.
However, the inclusion of these patients reflects the
management of suspected COVID-19 early in the UK
pandemic, and in many other community and low-
resource hospital settings, where limited availability of
SARS-CoV-2 testing might necessitate early empirical
treatment. Given the variation in PCR testing sensitivity,
particularly if self-administered by unwell older
people in the community, some participants are likely
to have had false-negative tests.®> SARS-CoV-2
PCR positivity within PRINCIPLE has increased as
the pandemic has progressed, and our findings were
unchanged when restricted to the 51-2% participants
with PCR-confirmed infection. We did an open-label
study as rapidly generating a placebo for multiple trial
interventions was not feasible, and our study is a
pragmatic trial which aims to determine whether the
addition of doxycycline to usual care was effective, rather
than to compare doxycycline with placebo. Although this
could introduce potential bias, any possible placebo
effect on time to self-reported recovery would most likely
have biased results towards benefit from doxycycline. As
we did not observe any clinically meaningful benefit, this
is unlikely to have influenced our results.

There was a relatively higher proportion of individuals
who reported recovery on day 1 among those without a
positive SARS-CoV-2 test (figure 2). This finding might be
an artifact of the recruitment and screening strategy that
was implemented early on in the COVID-19 pandemic
during 2020, when there were difficulties obtaining data
to confirm eligibility from some general practices.
Difficulties in obtaining this information resulted in
delays between trial screening and randomisation for
some participants, who are likely to have then reported
recovery sooner after randomisation. Subsequent
improved screening processes enabled assessment of
eligibility for participation far more rapidly. The
proportions of participants who had a SARS-CoV-2 PCR
test result and those who did not differed over the duration
of the study, due to the non-availability of testing in the
early months of the trial, before screening processes were
improved. These differences are taken account of in the
primary analysis model, which adjusted for temporal
trends in time to recovery.

We found a marginally higher HR for time to first self-
reported recovery favouring doxycycline among those
with PCR-confirmed SARS-CoV-2 infection and in the
concurrent randomisation population, when compared
with the primary analysis population which included
people diagnosed on the basis of symptoms (figure 2).
However, the estimated benefit in terms of time to
recovery was around half a day for all study populations.

Usual care plus Usual care only
doxycycline group group

Estimated treatment  p value
effect (95% Cl)

Sustained recovery 502/780 (64-4%)

22 (9-not reached)

396/644 (61-5%)

Time to sustained recovery 22 (8-not reached)

in days

Alleviation of all symptoms ~ 618/671 (92%) 522/551 (94-7%)
Time to alleviation of all 3(2-7) 3(1-8)
symptoms in days

Sustained alleviation of all ~ 542/648 (83-6%)  428/515 (83-1%)
symptoms

Time to sustained alleviation 8(3-23) 10 (3-23)

of all symptoms in days

Initial reduction of severity ~ 701/780 (89-9%) 572/644 (88-8%)
of symptoms

Time to initial reduction of 5(1-12) 4(1-11)

severity of symptoms

Rating of how well participant feels (1 worst, 10 best), mean (SD) [n]
[

Day7 7:1(1-9)[757] 7-0(1-9)

Day 14 7-8 (1-7)[752] 77 (17)

Day 21 8-1(1-6)[689] 8-:0(1:6

Day 28 83 (1:5) [754] 83 (1
WHO-5 Well-Being Index score, mean (SD) [n]

Day 14 454(241)[738]  443(23-9)[616]

Day 28 54:5(232)[737]  53-8(237)[605]
Self-reported contact with ~ 381/773 (49-3%) 314/642 (48-9%)
>1 health-care service
General-practitioner 203/381 (53:3%) 181/345 (52-5%)
reported contact with =1
health-care service
Prescription of antibiotics 18/341 (5-3%) 20/306 (6-5%)
Hospital assessment 8/767 (1-0%) 11/628 (1-8%)
without admission
Oxygen administration 24/757 (3-2%) 20/621 (3-2%)
Mechanical ventilation 3/757 (0-4%) 5/621 (0-8%)
Intensive care unit 4/755 (0-5%) 6/620 (1-0%)
admission
Duration of hospital 5(3-8) 7(4-9)

admission in days

age, comorbidity, duration of illness, and eligibility for doxycycline at baseline.

1.00 (0-88to 1-14)* 0-96

0-96 (0-86 t01-09)* 055

1.03(0-90t0117)*  0-68

099 (0-88t01-11)*  0-84

636] 0.05(-016t0025)t  0-66
[632] 006 (-016t0028)f 058
) [566] 0-00(-025t0025)F 099
5)[629]  -006(-034t0022)t  0-69

020(-2:06t02:45)t  0-86
0-01(-2-25t02-28)t  0-99
1-04 (0-84 to 1-29)# 072

099 (0-73to 134)F 096

0-81(0-44t01:50)§  0-51
0-60 (0-24 to 1-47)§ 0-35

0-98 (0-55t01:76)§  >0-99
049 (012t02:05)§ 048
0-55(016t01-93)S 036

240 (-5-40t0 0-52)  0-10

Data are n/N (%) or median (IQR) unless otherwise stated. All secondary outcome analyses were done on the
concurrent randomisation analysis population, defined as all participants who were randomly assigned to usual care
plus doxycycline or usual care only during the time period when the usual care plus doxycycline group was open to
randomisation, and were restricted to these treatment groups only. *Estimated hazard ratio derived from a Cox
proportional hazards model adjusted for age, comorbidity at baseline, duration of illness, and eligibility for doxycycline
at baseline. tMixed-effect model adjusted for age, comorbidity, duration of illness, eligibility for doxycycline at
baseline, and time since randomisation; participants were fitted as a random effect; WHO-5 Well-Being Index score was
also adjusted for score at baseline. $Relative risk adjusted for age, comorbidity at baseline, duration of illness, and
eligibility for doxycycline at baseline. SUnadjusted relative risk due to low event rate. §iQuantile regression adjusted for

Table 3: Secondary outcomes

In the primary analysis, there were slightly more hospital
admissions or deaths related to COVID-19 in the usual
care plus doxycycline group than in the usual care only
group; whereas in the SARS-CoV-2 PCR-positive
population, there were 1-2% fewer hospitalisations or
deaths in the usual care plus doxycycline group, with a low
probability that doxycycline was superior on this outcome.
However, the hospitalisation analysis did not account for
temporal drift (in line with low event counts and the
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Age

<65 years (n=889)

265 years (n=535)
Comorbidity

No (n=188)

Yes (n=1236)

Duration of illness

<7 days (n=851)

>7 days (n=573)
Symptom severity score
0-5 (n=669)

6-20 (n=735)
SARS-CoV-2 PCRresult
Positive (n=756)
Negative (n=556)

No result or no test (n=112)

f
05

Adjusted HR p value
(95% C1) (test for
interaction)
| 097
= 1.02 (0-87-119)
—m 102 (0-84-1-25)
0-80
4‘7 1.06 (0-77-1-47)
- . 1.02 (0-89-1-16)
| 082
— B 1.04 (0-89-1-21)
— = 1.01(0-83-122)
052
e 1.06 (0-89-1-25)
— 0-98 (0-82-1-16)
0-046
JR 1.07 (0-90-1-27)
— 093 (0:77-1-11)
- s » 168(1.08-262)
1.0 1!5 2!0
“— —»
Favours usual care only Favours usual care plus doxycycline

Figure 3: Forest plot of subgroup analyses on time-to-recovery outcome in the concurrent randomisation

analysis population

HR=hazard ratio. The concurrent randomisation analysis population was defined as all participants who were
randomly assigned to usual care plus doxycycline or usual care only during the time period when the usual care plus
doxycycline group was open to randomisation.

10

statistical analysis plan effective at time of the analysis),
and the estimated difference of 1.2% might be
overestimated, given increasing hospitalisation over the
duration of the study. In the concurrent randomisation
analysis, there was a 0-2% estimated difference in
hospitalisations or deaths.

The challenge of designing trials with relatively little
information early in a novel pandemic has meant that
it is not unusual to update key outcomes as new
information emerges.* Due to lower than expected
hospitalisations and mortality in PRINCIPLE, and to
allow measurement of effects on illness duration, the
primary outcome was changed to a coprimary outcome of
self-reported time to recovery, and COVID-19-related
hospitalisation or death, analysed using a gate-keeping
approach. This change occurred before any interim
analyses were done. This approach, in which interventions
that meet prespecified futility criteria on time to recovery
are stopped, assumes that interventions that did not show
Dbenefit on time to recovery are unlikely to show a benefit
on reducing COVID-19-related hospitalisations and
deaths. This design enables the platform trial to cycle
through multiple interventions using response adaptive
randomisation, and increases the probability of achieving
the trial objectives of identifying effective community
treatments for COVID-19.

Doxycycline has previously been recommended for
COVID-19,*** particularly in patients with pneumonia and
those who are at high risk of complications,” and there is
now evidence of increased use of respiratory antibiotics
including doxycycline during the COVID-19 pandemic in

both the UK and USA.*" Our study, among older people
and those with comorbidities, with two-thirds of
participants reporting shortness of breath at baseline, does
not support the routine use of doxycycline for suspected
COVID-19 in the community in the absence of other
indications such as bacterial pneumonia. However,
emerging evidence suggests bacterial co-infection in
COVID-19 is uncommon,” therefore doxycycline is
unlikely to benefit most individuals with COVID-19 in well
resourced countries. Wider use of doxycycline could lead
to public health harm through increased antimicrobial
resistance.” Further research into strategies to identify
bacterial co-infection in the community are needed to
allow targeted, appropriate use of antibiotics in patients
with COVID-19.
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