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Abstract

Background To produce quality data that informs valid clinical trial results and withstands regulatory inspection, trial
sites should adhere to many complex and dynamic requirements. Understanding non-conformance to requirements
informs the emerging field of improvement science. We describe protocol deviations in South Africa’s largest HIV vac-
cine efficacy trial.

Methods We analysed data from the HVTN 702 trial using mixed methods. We obtained descriptive statistics, from
protocol deviation case report forms collected from 2016-2022, of deviation by participant, trial site, and time to site
awareness. We thematically analysed text narratives of deviation descriptions, corrective and preventive actions, gen-
erating categories, codes and themes which emerged from the data.

Results For 5407 enrollments, 4074 protocol deviations were reported (75 [95% Cl: 73.0-77.6] deviations per 100
enrolments). There was a median of 1 protocol deviation per participant (IQR 1-2). Median time from deviation to site
awareness was 31 days (IQR 0-146). The most common category of deviation type was omitted data and/or proce-
dures (69%), and 54% of these omissions were stated to have arisen because of the national lockdown at the begin-
ning of the COVID-19 pandemic. The ratio of protocol deviations to cumulative enrolments was highest in the year
2020 (0.34). Major themes of deviations were: COVID-19 and climate disasters giving rise to deviation trends, subrou-
tines introducing an opportunity for deviation, and document fragmentation (such as requirements dispersed across
multiple guidance documents) as an obstacle. Preventive action categories were: no preventive measures; discipline,
training and/or awareness; quality review, checking and verifying and changing the process and/or implementation
tools. Major themes of preventive actions were that systems-based actions are unusual, with people-based actions
dominating, and that root cause analysis was rarely mentioned.

Conclusions In the age of infectious and climate disaster risks, trials may benefit from simple study designs and
trial-related documents. To optimise protocol adherence, sponsors and sites should consider ongoing training, and
routinely review deviation reports with a view to adjusting processes. These data quality lessons may inform future
trial design, training and implementation.

Trial registration HVTN 702 was registered with the South African National Clinical Trials Register (DOH-27-0916-
5327) and ClinicalTrials.gov (NCT02968849).
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Background

To obtain valid results of a clinical trial, trial sites
should adhere to the principles of Good Clinical Prac-
tice, good documentation practices, site operating
procedures and protocol-related guidance when col-
lecting and reporting data. The concept of data qual-
ity in clinical research is multidimensional, including
best practices in data collection, adherence to proto-
col requirements, adherence to regulatory and ethi-
cal requirements, metrics (reporting timelines, query
rates, query resolution) and mitigating against and pre-
venting data errors that may adversely impact research
outcomes or trial participant safety. This multiplicity
of requirements is complex to implement. Common
quality issues in clinical trials include missing data,
incorrect data, inconsistencies in data collection, and
delayed data reporting [1]. High rates of missed proce-
dures, errors, and missing or inaccurate data, especially
for items related to the endpoints of trial objectives,
have the potential to jeopardize participant safety, and
impede the ability of researchers to answer the scien-
tific questions of the trial [1]. Therefore, checking data
quality and addressing arising issues throughout a trial
is a requirement of Good Clinical Practice [2].

Maintaining good data quality is also important to
withstand inspection by regulatory agencies, especially
because some agencies control product licensure for
market. A small proportion of trial sites are inspected
by regulators. In 13 Good Clinical Practice inspections
of clinical trial sites in Africa, the European Medicines
Agency identified 7 critical findings at 4 sites, related
to data management, handling of investigational prod-
uct and protocol compliance [3]. Similarly, in clinical
trial site inspections conducted by the Food and Drug
Administration (FDA) of the United States of America,
violations were related to procedures, consent process,
investigational product and study records. Inspection
findings are rarely disclosed in research publications [4,
5].

A clinical trial is a massive undertaking of effort and
financial resources. Understanding non-conformance to
requirements, in the intricate and dynamic context of
site implementation, offers an opportunity to contribute
to the emerging field of improvement science for clinical
trials [6]. We aimed to describe protocol deviations in a
large trial in South Africa by a mixed methods investiga-
tion: quantitative and qualitative analyses. Our purpose
was to enrich knowledge of issues which could poten-
tially affect data quality and to document lessons learned.

Methods

Summary of trial complexity

To date, the HIV Vaccine Trials Network (HVTN) 702
trial is the HIV vaccine efficacy trial which enrolled the
most number of participants in South Africa [7]. It was
a randomised, double-blind, phase 2b/3 placebo-con-
trolled trial conducted at 14 sites supported by 7 periph-
eral blood mononuclear cell processing laboratories.
The trial compared the safety and efficacy of an ALVAC/
gp120+ MF59 vaccine regimen to placebo [8].

During the development of the first protocol version,
rapid process improvement workshops were held, using
lean thinking concepts to reduce redundancies and opti-
mise trial processes and tools. There were 4 versions of
the protocol, released in the years 2015, 2016, 2017 and
2020, as well as 108 bulletins, 10 clarification memos, 5
communiques, and 21 memos. Trial sites were trained
in person or online before new protocol versions were
implemented.

Participants were required to provide handwritten
informed consent. There were multiple procedures,
including evaluation of 14 inclusion criteria based on
general and demographic factors, HIV status, laboratory
inclusion values and reproductive status. There were 20
exclusion criteria based on general factors, vaccines and
other injections, immune system factors, and clinically
significant medical conditions. HIV-uninfected partici-
pants completed up to 21 different types of clinical pro-
cedures, including vaccination at 5—6 timepoints, and up
to 20 different types of laboratory procedures, depend-
ing on the protocol version, and there was a maximum
of 18 scheduled visits over three years. Participants who
acquired HIV infection underwent up to 8 clinical and 12
laboratory procedures.

Data were collected on paper first, and then captured
into imedidata, an electronic data capture system. Data
quality performance metrics (data entry timelines,
adverse event entry timelines, query rates, query resolu-
tion timelines) were shared with sites continuously in real
time.

The national regulator conducted Good Clinical Prac-
tice inspections at some trial sites in 2017 (the Medicines
Control Council of South Africa inspected 5 trial sites)
and in 2020 (the South African Health Products Regu-
latory Agency inspected 1 trial site). The sites passed all
inspections.

The interim data safety monitoring board meeting in
January 2020 declared non-efficacy. Thereafter, vaccina-
tions were stopped, participants were unblinded, and
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post-unblinding safety visits were continued until close-
out in 2021.

Ethical approvals

Approval was obtained from the research ethics com-
mittees of the University of the Witwatersrand, Univer-
sity of Cape Town, University of KwaZulu-Natal, Sefako
Makgatho University, and the South African Medical
Research Council. Research was performed in accord-
ance with the relevant guidelines and regulations and in
accordance with the Declaration of Helsinki. HVTN 702
was registered with the South African National Clinical
Trials Register (DOH-27-0916-5327 on 12 Jan 2016) and
ClinicalTrials.gov (NCT02968849 on 21 Nov 2016).

Trial non-conformance procedures

Site staff members, monitors and site liaison managers
were required to inform the Investigator of Record of any
reportable non-conformance incidents. Reportable pro-
tocol deviations included any incidents or omissions in
study conduct, regardless of whether they added risk to
the participant; and non-adherence to the protocol, study
documents, International Conference on Harmonisation
E6 (R1) Guideline for Good Clinical Practice, FDA guide-
lines, and local regulatory requirements.

HVTN 702 site staff reported protocol deviations in a
protocol deviation case report form captured into ime-
didata. Protocol deviation data were reviewed weekly by
the HVTN 702 protocol safety review team, and when
necessary were referred to the DAIDS Office of Clini-
cal Site Oversight. These data were also used to compile
non-conformance listings for submission to regulatory
agencies. To help preserve blinding of other study staff,
potential accidental unblinding incidents were not
reported through the case report form but rather to a
clinical trial manager.

All trial sites were required to have quality manage-
ment plans in place. The HVTN appointed site liaision
managers to help trial sites assure quality and to advise
on quality improvement. The sponsor appointed a clini-
cal research organisation to conduct monitoring regu-
larly at sites.

Measures

We obtained data entry metrics, cumulatively to March
2022, from the HVTN 702 data quality management
report: the number of case report form pages entered,
the number of adverse events entered, the number of
data queries, and the number of responded queries.

We analysed HVTN 702 protocol deviation case report
forms which had been entered into the electronic data-
base by 16 March 2022, collating the assigned partici-
pant identification number, trial site, date of trial site
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awareness, deviation date, deviation type, deviation
description, corrective action and preventive action. A
variable was created for time to site awareness, which
subtracted the date of site awareness from the deviation
date.

We collated the total number of enrolments, dates
of enrolment, and date of final visit of all HVTN 702
participants.

Quantitative analyses

We calculated descriptive statistics, including frequen-
cies, using Microsoft Excel and SAS Enterprise Guide
7.15 (SAS Institute Inc., Cary, NC, USA). Categories of
protocol deviations and preventive actions were summed.
Median and interquartile ranges (IQR) were determined
for continuous measures overall and by groupings. Sites
were divided into high and low enrolment categories
using the median number of enrolments as a cut-off
(Supplementary Fig. 1). Deviation rates and their 95%
confidence intervals were estimated.

Qualitative analyses

We applied thematic analysis to the text narratives of the
deviation description, steps taken to address the devia-
tion, and steps taken to prevent future occurrences of the
deviation. These narratives had been written by trial site
staff and entered into the protocol deviation case report
form for each protocol deviation. When performing the-
matic analysis, we conducted the steps of immersion,
coding, categorising and generation of themes [9]. The
analyst read through all text narratives to gain immersion
into the data, then generated categories from the data.
The categories were shared with and validated by another
author who had been reading the data weekly during the
trial. Using Microsoft Excel, the analyst assigned cat-
egories to each protocol deviation narrative; then cre-
ated, refined and assigned codes which emerged from
the data. The analyst then generated major and minor
themes which emerged from the data. Quotations from
the narratives were chosen to exemplify the themes and
add contextual knowledge. Possibly identifying data were
removed to maintain confidentiality.

Results

Data entry metrics

During the trial, 447,130 case report forms were entered
into the database, and 94% were entered within 7 days of
the visit date. There were 8716 adverse events entered,
and 85% were entered within 3 days of the date that the
adverse event was reported to the trial site. The data
query ratio was 5 per 100 case report form pages, and
75% of query responses were within 7 days of the visit
date (Table 1).
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Protocol deviations

There were a total of 5407 participants enrolled, amongst
which 4074 protocol deviations were reported over
12,456.1 person years of follow-up, corresponding to a
protocol deviation rate of 32.7 [95% CI: 31.7-33.7] per
100 person years. The ratio of deviations to enrolments
(4074/5407) was 75 (95% CI: 73.0-77.6) per 100 enrol-
ments. At least one protocol deviation was reported for
2687 participants. There was a median of 1 protocol devi-
ation per participant (IQR 1-2).

The median time from deviation to site awareness was
31 days (IQR 0-146). The fourteen sites had a median of
275 deviations per site (IQR 116-425) (Table 2).

Deviation type categories were omitted data and/or
procedures (69%), error in data or procedures (13%), use
of materials not approved by the research ethics commit-
tee (10%), consent errors (4%), and needless data collec-
tion or procedures (3%) (Table 3).

At each site, a median number of 382.5 (IQR 342-486)
participants was enrolled (Table 2). Enrolments at high-
enrolling sites ranged from 407 to 511 participants and
from 64 to 358 participants at low-enrolling sites, with
equal numbers of sites in each category. The protocol

Table 2 Protocol deviations by year and site
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deviation to enrolment ratio was 0.48 at high-enroll-
ing sites (1598/3313) versus 1.18 at low-enrolling sites
(2476/2094). Low-enrolling sites had a higher proportion
of omitted data and procedures and use of materials not
approved by the Ethics Committee compared to high-
enrolling sites. However, there was a higher proportion of
errors, consent documentation errors and needless data
and procedures at high-enrolling sites compared to low-
enrolling sites (Table 4, Supplementary Table 1).

From qualitative analyses, using quantitative methods
as supportive evidence, four main deviations themes are
discussed.

Deviation theme 1: disasters can give rise to protocol
deviation trends

The national response to COVID-19 began soon after
trial unblinding, affecting trial conduct. Of omitted data
in the trial, 54% (1525/2815) was stated to be because
the South African government imposed lockdown at the
beginning of the COVID-19 pandemic. This was linked
with omissions of physical examinations and laboratory
samples, while procedures like questionnaires, counsel-
ling, and event reporting were conducted telephonically.

Number of protocol deviations, (%?)

Cumulative number of enroliments

Ratio of protocol deviations to

(N=4074) (N=5407) cumulative enrollments (95%
(d)]
Year
2016 16 (0.39%) 54 0.30(0.18-0.48)
2017 1221 (29.97%) 2335 0.52 (0.49-0.55)
2018 723 (17.75%) 4614 0.16 (0.15-0.17)
2019 237 (5.82%) 5407 0.04 (0.039-0.05)
2020 1815 (44.55%) 5407 0.34 (0.32-0.35)
2021 62 (1.52%) 5407 01 (0.009-0.014)
Site
A 237 (5.82%) 505 047 (0.41-0.53)
B 6 (2.85%) 429 0.27 (0.23-0.32)
C 00 (2.45%) 492 0.20 (0.17-0.25)
D 313(768%) 511 61 (0.55-0.69)
E 363 (891%) 354 1.03 (0.93-1.14)
F 478 (11.73%) 353 1.35(1.24-1.48)
G 367 (9.01%) 407 0.90 (0.81-1.0)
H 425 (10.43%) 333 1.28 (1.16-1.40)
| 86 (2.11%) 64 1.34 (1.09-1.66)
J 661 (16.22%) 358 1.85 (1.71-1.99)
K 87 (2.13%) 483 0.18 (0.15-0.22)
L 117 (2.87%) 486 0.24 (0.20-0.29)
M 189 (4.64%) 342 0.55 (0.48-0.64)
N 535(13.13%) 290 1.85 (1.70-2.0)
All sites 4074 (median 275, 1QR 116-425) 5407 (median 382.5, IQR 342-486) 1.33 (median 0.76, IQR (0.27-1.34)

2 Percentages may not total 100 due to rounding
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Table 3 Categories of 4074 reported protocol deviations
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Deviation categories N (%°?)

Requirement not met (may overlap and be <or>N)

Omitted data or procedures 2815 (69.10%)

Error in data or procedures 545 (13.38%)

Use of materials not approved by ethics committee 406 (9.97%)

Consent errors 172 (4.22%)
Needless data collection or procedures 130 (3.19%)
Not categorised 6 (0.15%)

Omissions were reported on laboratory tests (n=1902), physical examinations
(n=1604), eligibility (n=338), adverse event reporting (n=119), question-
naires (n=226), counselling (n=63), full visits (1=>57), non-study product
treatment provision (n=36), study product (n=13), and regulatory approvals
(n=9).

There were errors on physical examination (n=263), laboratory tests (1=103),
adverse events and reactogenicity (n=>52), study product (n=51), participant
unique identifier assignment, eligibility, enrolment and randomisation (n =29),
delays with implementing updated study materials (h=15), the full visit (1=8),
reimbursement (n=4), non-study treatment (n=3), questionnaires (n=3), and
counselling (n=1).

The major errors with physical examinations were related to thermometry
methodology inconsistent with protocol. Regarding laboratory tests, a
prominent issue was not following requirements to take some samples before
certain events.

Study materials distributed to participants before ethics committee approval
were study brochures (n=403) and participant diary cards (n=3).

Consent errors were implementing the incorrect consent form version
(n=112), documentation issues (n =39), delays in implementing an approved
consent form (n=18) and 2 could not be coded.

Documentation issues included form completion that did not meet good doc-
umentation practice standards. It also included consent process documenta-
tion that was insufficiently detailed, e.g. the distribution of copies, or whether
a participant understood explanations of their incorrect responses on their
assessments of understanding consent.

Unnecessary data collection or procedures were laboratory samples (n=113),
full visits (n=7), questionnaires (n=4), study product (n=1), treatment (n=1),
and unblinding (n=1).

Insufficient information for categorization (n=6).

2 Percentages may not total 100 due to rounding

Table 4 Protocol deviations by site enrolment

Protocol deviation category Total protocol deviations Protocol deviations at high enrolling Protocol deviations at low

(N=4074), (%%) sites (N=1598), (%°?) enrolling sites (N=2476),
(%)

Error in data/procedures 545 (13.38%) 316 (19.77%) 229 (9.25%)

Consent documentation errors 172 (4.22%) 147 (9.20%) 25(1.01%)

Needless data collection/procedures 130 (3.19%) 72 (4.51%) 58 (2.34%)

Omitted data/procedure 2815 (69.10%) 1058 (66.21%) 1757 (70.96%)

Data for categorisation insufficient 6 (0.15%) 2(0.13%) 4(0.16%)

Use of materials not approved by Ethics 406 (9.97%) 3(0.19%) 403 (16.28%)

Committee

2 Percentages may not total 100 due to rounding

“The participant missed the following visit 08.0
assessment due to the conduct of a telephonic visit:
vital signs assessment, collection of blood, pregnancy
and STI samples. The telephonic visit was conducted
as a result of the COVID-19 lockdown period in the
country.”

There was also record of a climate disaster, flood-
ing, linked with protocol deviations. One site reported
that their city “experienced extreme weather condi-
tions, resulting in a cancellation of the full meeting” of
their ethics committee. The ethics committee therefore
could not provide continuing review, and the annual
recertification lapsed over six days when the trial site
conducted study procedures with nine participants.
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Deviation theme 2: subroutines introduce an opportunity
for deviation

The concept of a “subroutine” is borrowed from the field
of computer programming, where it means a sequence
of programming instructions for a specific scenario. The
concept is similar to an algorithm in clinical care — “if
this happened, then do that” In clinical trials, subrou-
tine errors occur when staff do not follow the dissimilar
sequence of procedures required for different partici-
pants or scenarios.

In HVTN 702, many omissions were linked with not
following subroutines. A prominent example of devia-
tions related to a multi-subroutine was stool swab col-
lection. The main informed consent form provided
participants with the option to collect swabs of their
stool, which initiated the first subroutine for staff to
either collect or not collect the samples. The second sub-
routine was that staff should ask only participants who
collected the stool swab to complete a dietary and gastro-
intestinal symptom questionnaire. The third subroutine
was the timing of the swab sample: staff should collect
the stool swab before study product administration at the
month 0 visit, and any time during the month 6.5 visit.
There were protocol deviations reported for each subrou-
tine, e.g. collecting stool samples from participants who
had not agreed to it on their consent form, not complet-
ing the required questionnaires when stool samples were
completed, and collecting samples after study product
administration at the month 0 visit.

“The research nurse erroneously collected stool sam-
ples and participant did not consent for stool sample
collection on the signed informed consent form..”

Protocol deviations reported for some other subrou-
tines included not following subroutines specified in the
study specific procedures guide for anaemic participants,
omitting to collect dried blood spot samples for partici-
pants whose visits were on specific calendar days as spec-
ified in the study specific procedures guide or collecting
it at the wrong time during the visit, and not tailoring
sample types for sexually transmitted infection tests by
sex at birth.

“Dried blood spot specimen taken after vaccination”

Deviation theme 3: document fragmentation presents
obstacles for consent documentation

More common than implementing incorrect consent
form versions was the prevalence of giving participants
study-related brochures before its approval by the ethics
committee. The template informed consent form in the
protocol made provision for four issues to be covered in
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more depth in brochures: trial-permitted birth control
methods, trial procedures, vaccine-induced seropositit-
vity (VISP), and participant bill of rights and responsi-
bilities. Site investigators could submit these as separate
documents to their ethics committees for approval to dis-
tribute to participants with the consent form, or copy the
information from 3 of these brochures (with the excep-
tion of vaccine-induced serposititvity information) into
their site consent form in lieu of brochures.

Distributing consent-related brochures to participants
before ethics committee approval was common to 403
deviations.

“Participant was handed with VISP and Bill of rights
brochures at screening before they were reviewed
and approved by ethics committee”

Furthermore, deviations were reported when the struc-
ture of a consent document fragmented the completion
of fields across multiple pages. Deviations reported that
staff and participants omitted to complete any fields situ-
ated on pages other than the signature page of the con-
sent form.

“Pharmacogenetic ICF [VERSION, DATE] page 3
of 4 no option was chosen by participant regarding
limited pharmacogenetic testing in error. Partici-
pant continued the study without confirming if they
still want [to] allow use of samples for limited phar-
macogenetic testing or not”

Deviation theme 4: visit scheduling

Not checking the visit window when scheduling partici-
pants and/or before conducting procedures was linked
with visit procedures being performed unnecessarily.

“Pregnancy test performed out of window as a result
of incorrect visit scheduling”

In many of deviations reported for missed visits,
calls had not been made to remind participants of their
upcoming visits. In some cases, staftf had not recognised
that the visit window was open for a participant who was
at the site presenting for ancillary care, and did not take
the opportunity to do visit procedures. In other cases, a
visit was split over more than one day, and participants
did not return for the second part of the split visit.

Preventive actions

Preventive action categories were: (i) no preventive
measures (#=1903); (ii) discipline, training and/or
awareness (n=963); (iii) quality review, checking and
verifying (n=839), and (iv) changing the process and/or
tools (#=633). In 254 cases, more than one category of
preventive action had been applied.
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Preventive action theme 1: systems-based actions are
unusual

Some narratives did not provide anything further than
corrective action. There was also evidence from the nar-
ratives that some staff were unclear about the difference
between corrective and preventive actions. In an exam-
ple of a laboratory sample not collected from the partici-
pant, the narrative for the corrective action described the
efforts undertaken to obtain the sample after deviation
awareness, and the preventive action narrative describes
the corrective action further:

“Participant visit window for visit 13.0 is still open.
Closes on the 11 may 2019. CI/NG [Chlamydia
trachomatis, Neisseria gonorrhoeae] urine will be
collected at this visit when the participant is found.
CT/NG urine kits are available”

Some narratives proposed that the preventive action
would be to stop the incorrect action and simply follow
the correct action in future. Specific plans on how the site
would change course were not always evident in the nar-
ratives. In an example of missed counselling and ques-
tionnaires, the narrative stated the site’s steps to prevent
future occurrences of this type of deviation:

“Staff to always follow visit schedule and do proce-
dures according to visit requirements.”

Instead, many narratives offered preventive actions
centred around people, and there was a dominant per-
ception that an error would prompt people to change
behaviors, become more “vigilant” and exercise more
care. The onus was placed on people to remember to
improve their performance after training and awareness
campaigns through email reminders or wallcharts.

“Staff member will avoid being distracted by the
participant’s conversation and pay more attention
to visit procedures...”

“Staff member responsible was made aware of the
error and the importance of following the schedule
of procedures as stipulated in Appendix H of the
Protocol was emphasised. Appendix H' Page was
printed, laminated and placed in the counselling
rooms for easy reference.”

For a haemoglobin test that could not be done because
of a clotted sample:

“Nurses reminded of the gentle inversion technique
to prevent clotting”

Systems-based preventive actions were less usual
They focused on correcting or adding more detail to
forms (e.g. laboratory requisition forms, medical his-
tory forms), adding more detail to checklists to distil
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visit requirements (e.g. visit flow checklists), introduc-
ing trackers (e.g. for informed consent versions), adding
staff members to perform critical requirements which
were not being done (e.g. assigning staff members to call
participants to remind them of their scheduled visits,
allocating staff members to call participants for safety fol-
low up), and procuring tools with advanced technology
(e.g. imaging technology that locates veins for successful
blood sampling to prevent insufficient blood sampling,
and syncronising digital clocks to a device with atomic
time instead of digital clocks to prevent time documenta-
tion discrepancies).

In 2% (n=79) of the 4074 protocol deviation narratives,
site staff mentioned that they had conducted root cause
analysis of that particular deviation. Staff often narrated
that they found a human root cause - i.e. they thought
that the error arose from a person.

Discussion
The application of considerable rigor is required for the
successful implementation of large clinical trials aim-
ing to maintain high data quality meeting regulatory
agency standards. With a median of 1 protocol deviation
per participant, our study results show that, in a large
complex trial in South Africa, a high level of data qual-
ity was achievable. Deviations were most common in
the beginning of the trial, decreasing thereafter, suggest-
ing that trial sites have a “learning curve” High-enrolling
trial sites had fewer errors per enrolled participant than
lower-enrolling sites, a finding that possibly counters the
intuition that busy sites make more errors. Our data do
not explain the observation. Perhaps sites which enroll
more participants reach quality proficiency faster; per-
haps sites with more resources can enroll more partici-
pants and have more resources for quality procedures;
or perhaps sites which make fewer errors can spend less
time on the re-work of addressing errors which allows
them to devote more time to enrolling more participants.

Currently, we are not aware of standardized mathe-
matically-based metrics for trial quality. We would not
consider the whole number of deviations to be entirely
useful. Different trials have different ‘opportunities’ (e.g.
number of enrolments, data points, visits) for deviation.
Compared to a small trial, the quality of larger trials may
therefore be less affected by a specific number of devia-
tions. A denominator allows us the ability to make com-
parisons. Although current standardized trial reporting
guidelines do not require reporting a quality metric and
thus we cannot compare across trials, here we report a
ratio of 75 deviations per 100 enrolments.

A major theme in our study was that of disasters —
COVID-19 and climate — giving rise to a substantial
proportion of deviations: over half of all data omissions
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were stated to be because of lockdown. This suggests an
emerging need for increased flexibility in future study
design and implementation. Conventionally, trials were
designed so that data were collected at trial sites. In the
present day, emerging infectious diseases and climate
disasters are identified as major disruptive risks [10].
Disaster management and mitigation plans may aid trial
sites. Future setting-specific research should investigate
the outcomes of trial decentralization in low and mid-
dle income countries. Examples of trial decentralization
innovations include electronic consenting, and data col-
lection through telephonic visits, home visits, and inter-
net visits such as video calls and participant apps.

A second prominent theme was the interplay between
complexity and error. Making a study procedure require-
ment contingent upon another factor introduced
opportunities for deviation. Simple trial designs, which
minimise subroutines and instead standardise as many
procedures as possible for all trial participants, may
achieve better data quality. Decreasing document frag-
mentation may make protocol adherence easier: e.g.
locating all requirements for a procedure in one docu-
ment instead of dispersing over protocols, manuals, and
various communications. For informed consent forms,
the authors recommend including all information inside
one leaflet instead of referring to multiple documents,
and also placing all fields for completion on a single page.
Other authors have suggested that, in order to optimise
data quality, trials should minimise the amount of data
collected to only those most necessary to answering the
objectives [11]. Those authors highlight that beyond the
requirement to collect, process, and review the quality,
there are also cost and time implications to each data
item. Sponsors may consider if providing suggested and
well-designed standardised data collection tools would
be useful. Last, trial sites should implement document
version control processes.

Our analysis highlights sponsor responsibility in
overseeing quality management. Especially in complex
multicentre trials, sponsors often contract monitoring
functions to other organisations. In this case, the sponsor
additionally reviewed deviations and ensured that sites
were enacting quality measures. In addition, the HVTN
provided support personnel at the site to help sites find
and resolve issues. With this infrastructure in place, the
median time to detection of issues was about a month,
sufficiently early to implement corrective and preventive
actions.

The distinction between corrective and preventive
actions is not only semantic [12]. Corrective actions
try to remedy the specific error being reported, and
in doing so, permit the opportunity for data quality to
improve for that specific participant and data point.
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Preventive actions, however, afford the opportunity to
investigate the system creating the problem, proactively
improve processes, and avoid similar future incidents.
In our analysis, trial sites were unable to formulate pre-
ventive actions for about half of all deviations: many
of those deviations were because of COVID-19 and
climate disasters and therefore beyond investigator
control. When preventive actions were taken, people-
based actions were common: asking staff to be more
disciplined, training and re-training staff and/or raising
awareness about the deviation and the correct way of
conduct. Preventive actions which focused on improv-
ing processes or tools were the least common.

Root-cause analysis is not a preventive action in itself,
but has been described as a systematic approach to
uncover causal factors of an issue, for a more informed
guidance of preventive actions [13]. Despite multiple
methodologies having been defined, root cause analysis
is known to be challenging to conduct. In the narratives
studied here, root cause analysis was rarely mentioned,
and when it was, deficiencies in processes or tools were
not stated. Instead implications were largely on the
people who made the deviation. Although we are una-
ware of data proving the efficacy of root cause analysis
as a tool used to inform improvement of trial site pro-
cesses, it has been shown to be useful in other contexts
[14]. It would be helpful for future studies to investigate
the efficacy of root causes analysis in reducing protocol
deviations in clinical trials.

A possible limitation of our analysis is missed or
inaccurate identification and/or reporting of proto-
col deviations. Missed reporting may have resulted
in underestimation of protocol deviations. Inaccu-
rate reporting may have resulted in overestimation or
underestimation of categories of protocol deviations.
The likelihood of reporting issues was minimized
by different groups reviewing data quality: site staff,
HVTN site liason teams, a contract research organi-
zation appointed by the sponsor, and the database
managers.

Thematic analysis allowed us to analyse a large amount
of text but its main limitation is researcher bias: our
understanding based on our perceptions and experiences
may have led us to infer meanings from the narratives.

The use of both qualitative and quantitative methods
is a strength of this analysis. The nature of data collec-
tion through narratives (instead of questions with stand-
ardized pre-defined answer options that allow statistical
analysis) allowed us to develop specific insights into the
circumstances around deviations, providing us with a
richer understanding than one can obtain from quanti-
tative methodology alone. For example, although root
cause analysis was rarely mentioned in the narratives
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of preventive action, this does not mean it was not per-
formed in the cases when it was not mentioned.

Conclusions

This analysis offers many data quality lessons of practical
value. These lessons may be helpful not only for the HIV
vaccine field — which faces a future of more trials in order
to discover a highly effective product — but also to help
prepare and train for trials of other products [7].

First, in the age of infectious and climate disaster risks,
trials may benefit from designs which build in flexible
options for data collection continuity.

Second, routine real-time provision of deviation
reports may help the sponsor and protocol leadership
teams to assist site investigators to adapt rapidly to criti-
cal arising issues, and allocate attention and resources
accordingly. Multi-level quality review during the trial
may contribute to process and quality improvement
measures.

Third, to address site staff turnover and adaptation to
evolving protocol requirements, staff training is a need
that is ongoing throughout the trial to minimize protocol
non-adherence.

Last, protocol deviations may offer a helpful opportu-
nity to site investigators to review processes. When trial
sites can access their data quality metrics in real time,
they can focus efforts appropriately.
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