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Abstract

Background: Geographic location and national income may influence access to innova-
tion in healthcare. We aimed to study if geographical location and national income influ-
enced the timelines to activate the global phase IIl APHINITY trial, evaluating adjuvant
pertuzumab in patients with HER2-positive early breast cancer.

Methods: Time from regulatory authority (RA) submission to approval (RAA), time to Eth-
ics Committee/Institutional Review Board (EC/IRB) approval, time from study approval
by EC/IRB to first randomised patient and from first to last randomised patient were col-
lected. Analyses were conducted grouping countries by geographical region or economic
income classification.

Results: Forty-one countries (of 42) had data available regarding all relevant timelines. No
statistical difference was observed between the time to RAA and geographical region (p
=0.47), although there was a trend to longer time to RAA in upper middle-income econo-
mies (p = 0.07). Except for time from first to last patient randomised, there was wide vari-
ation in timelines overall and within geographical regions and economic income groups.

Conclusions: Geographical location and income classification did not appear to be the
major drivers influencing time for clinical trial activation. Wide variability in activation
timelines within geographical regions and income groups exists and is worthy of further
investigation.
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Background

Clinical trials are essential for the development of new drugs, devices and diagnostic tests leading to patient benefit [1]. In cancer research,
international collaborative clinical trials can significantly accelerate the recruitment of large patient populations usually required for phase IlI
trials in order to generate scientific and clinical data in a timely manner [2]. Running clinical trials in geographically diverse patient popula-
tions also improves the generalisability of results across broader genomic, biological, ethnic and sociocultural backgrounds [3, 4]. Importantly,
although disparities in access to clinical trials exist and inclusion of minorities in oncology clinical trials is beyond from optimal, clinical tri-
als have the potential to improve patient care in developing countries, constructing local capacity to conduct clinical research and offering
patients access to new treatments. This may play an important role in reducing the gap between the access of therapies in public and private
health systems [5, 6].

The complexity of phase lll clinical trials has, however, grown considerably and there are several administrative barriers that can contribute
to increasing the length of time required to activate a clinical trial [2, 7-11]. This process depends on a complex network of multiple local
and external oversight bodies with differing objectives and responsibilities [2, 9, 12]. Regulatory timelines are considered one of the most
important elements in conducting clinical trials, and are seen by pharmaceutical companies as key indicators of a country’s attractiveness in
relation to conducting a trial [5]. The European Union’s Clinical Trial Regulation EU 5362014, effective from 2019, calls for the avoidance of
administrative delays for starting a clinical trial with a procedure that is ‘flexible and efficient without compromising patient safety or public
health’ [13].

A previous analysis of regional timelines to initiate the Adjuvant Lapatinib and/or Trastuzumab Treatment Optimisation (ALTTO) global phase
1l trial (NCT00490139), which recruited patients between 2007 and 2011, suggested that geographical location and national income affect
the time taken for trial initiation, being significantly longer in South American and upper middle-income economies; this potentially affects
patient access to trials of innovative therapies in such locations [1].

To provide more recent data on this topic and to motivate a discussion around the activation process of phase Il trials across the globe,
we aimed to study if geographic location and income classification would influence the activation timelines of the phase IIl APHINITY trial
(NCT01358877), which investigated the addition of pertuzumab to chemotherapy and Trastuzumab as adjuvant therapy for patients with
HER2-positive early breast cancer.

Methods

Data source

APHINITY was a phase Il global trial, designed by the Breast International Group in collaboration with a pharmaceutical industry sponsor,
and was conducted under the auspices of an independent data and safety monitoring committee. The APHINITY trial activation timelines in
each participating country were recorded by the pharmaceutical industry study sponsor and transferred to the study team for the purpose of
this analysis. Data were compared across geographical regions (Europe, North America, Asia-Pacific, South America and Africa) and economic
income groups (high, upper-middle and lower middle income) as defined by the World Bank [14, 15].

Timelines

The following time intervals were evaluated for each participating country:

1. Time to regulatory authority (RA) approval, defined as the interval (in days) between protocol submission by the sponsor to the RA and its
approval.
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2. Time to Ethics Committee or Institutional Review Board (EC/IRB) approval, defined as the interval (in days) from submission by the study
sponsor to EC/IRB and its approval.

3. Time from RA to first patient, defined as the interval (in days) between RA approval and first patient randomised into the study.
4. Time from EC/IRB to first patient, defined as the interval (in days) from first EC/IRB approval to the first patient included in the study.

5. Time from first to last patient, defined as the interval (in months) from the first patient randomised in the study in a particular country to
the last patient randomised in the study (31 August 2013).

Notes on deriving timelines

Protocol approval was not received from the national EC/IRB for Brazil in a timely fashion; Brazil did not, therefore, participate in the APH-
INITY trial. Additionally, the protocol was not submitted to the national RA for Israel so the corresponding timelines for Israel could not be
calculated. The missing day in a partial date of protocol submission to country EC/IRB for Argentina and for Switzerland was imputed as day
15 as the middle of the month. Each individual patient’s date of randomisation was recorded in the randomisation system and uploaded to
the APHINITY database.

Geographical region classification

Each site’s country was classified according to World Bank guidelines [14] and grouped as follows: East Asia and Pacific, Europe and Central
Asia, Latin America and Caribbean, North America, Middle East and North Africa, and sub-Saharan Africa (Supplementary Table 1).

Economic income group classification

Economic income group was derived from each site’s country and based on the World Bank’s list of economies (June 2019) [15] and classi-
fied into the following economic income groups: lower-middle income, upper-middle income and high income (Supplementary Table 1); no
low-income country participated in the APHINITY trial.

Statistical analysis

Descriptive statistics, including means, medians and ranges, were calculated for the different timelines evaluated. Differences between geo-
graphical regions and economic income classification groups were calculated using one-way analysis of variance (ANOVA), following data
normalisation on square roots of the different timelines obtained. Geographical regions represented by only one participating country were
not included in the ANOVA calculations. ANOVA statistics was calculated only for time to RA approval as the process of EC/IRB approval
does not follow a standard procedure being highly variable and influenced by local procedures, which could led to data misinterpretation.
Differences were considered statistically significant if p-value was <0.05.

Results

Study demographics

APHINITY randomised 4,805 patients between November 2011 and August 2013 among 42 countries. Of the 42 countries, 21 (50.0%) were
located in Europe and Central Asia, 9 (21.4%) in East Asia and Pacific, 8 (19.0%) in Latin America and Caribbean, 2 (4.8%) in North America,
1 in Middle East and North Africa (2.4%) and 1 (2.4%) in sub-Saharan Africa. Twenty-eight (66.7%) of the 42 countries had high, 11 (26.2%)
upper-middle and 3 (7.1%) lower-middle income economies (Supplementary Table 1).
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Time to study activation across geographical regions

Table 1 summarises the timelines for study activation across geographical regions. Time to RA approval did not vary significantly across
regions (ANOVA F: 0.87; p = 0.468; Figure 1a). North America had a numerically shorter time to RA approval (median: 31 days, range: 30-32)
compared with Europe and Central Asia (median: 56 days, range: 4-135), East Asia and Pacific (median: 53 days, range: 15-372), Latin
America and Caribbean (median: 51 days, range: 15-276) and sub-Saharan Africa (median: 103 days; range: 103-103). Regarding time to
EC/IRB approval, a numerically longer time was observed for Middle East and North Africa (141 days; range: 141-141) when compared to
the other geographic regions and overall EC/IRB submission to approval, which occurred with a median of 56 days (range: 14-421; Table 1).

Regarding the time interval between EC/IRB approval to first patient randomised, Latin America and Caribbean had a longer time interval
(median: 232 days, range: 98-463) compared to other regions (overall time interval of 118 days, range: 13-463; Table 1).

Importantly, there was wide variation in timelines for trial activation overall and within geographical regions. For example, the median time
for EC/IRB approval to first randomised patient across overall was 118 days, but the range was wide (range: 13-463) (Table 1). Further details
on variation in time to RA approval in geographical regions represented by four or more countries are shown in Table 2.

Time to study activation across economic income groups

The different time intervals for study activation across economic income groups are reported in Table 3. Although no statistically significant
difference was found between economic regions regarding time to RA approval, there was a trend (ANOVA F: 2.85, p = 0.07; Figure 1b) to
a longer time in upper-middle economies (92 days, range: 15-372 days) compared to the other groups (high income: 45 days, range: 4-372
days and lower-middle income: 55 days, range: 32-111 days; Table 3).

Similar to the findings for geographical regions, there was a wide variation in the timelines for study activation overall and within the eco-
nomic income groups. For example, the median time for EC/IRB approval to first randomised patient across overall was 56 days, but again
the range was wide (range: 14-421; Table 3). Further details on variation in time to RA approval in economic income groups represented by
four or more countries are shown in Table 2.

Table 1. Timelines in the activation process of the APHINITY trial across geographic regions.

Geographic region Number of Time to RA approval Time to EC/IRB a T::/ealﬂi‘:(;n;irEsf/I::in t Time from first patient to last
grap & countries (%) (days) 2 approval (days) PP (days) P patient randomised (months)

Europe and Central 21 (50.0%) 56 (4-135) 67 (22-164) 109 (13-257) 17.6 (13.2-21.7)

Asia

North America 2 (4.8%) 31(30-32) 73 (19-126) 126 (86-165) 17.6 (13.8-21.5)

East Asia and Pacific 9 (21.4%) 53(15-372) 67 (31-421) 108 (56-147) 18.0(8.7-19.9)

Latin America and 8 (19.0%) 51(15-276) 43 (19-273) 232 (98-463) 14.6 (6.5-17.5)

Caribbean

Middle East and North 1(2.4%) - 141 (141-141) 92 (92-92) 13.9 (13.9-13.9)

Africa

Sub-Saharan Africa 1(2.4%) 103 (103-103) 14 (14-14) 185 (185-185) 18.2(18.2-18.2)

Overall 42 (100%) 53 (4-372) 56 (14-421) 118 (13-463) 17.0(6.5-21.7)

Data are presented as median (range)
2 The protocol was not submitted to a country RA for Israel. The corresponding timelines for Israel cannot be calculated
EC/IRB = Ethics Committee/Institutional Review Board; RA = regulatory authority
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Figure 1. Timelines analysed in the APHINITY trial. A: Time to regulatory approval according to geographical region. B: Time to regulatory approval
according to economic income group. C: Time interval from the first randomized patient in each country.
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Table 2. Variation in the time to RA approval in APHINITY.

Geographic region/economic income group Number of countries (%) Median time to RA approval (days) 2 ISE;;U:F;;:;{RQA
Europe and Central Asia 21 (50.0%) 56 29
East Asia and Pacific 9(21.4%) 53 54
Latin America and Caribbean 8(19.0%) 51 142
High income 28 (66.7%) 45 37
Upper middle income 11 (26.2%) 92 90
Overall 42 (100%) 53 46

2 The protocol was not submitted to a country RA for Israel. The corresponding timelines for Israel cannot be calculated
Geographical regions and economic income groups represented by less than four countries are not described in the summary table

A median with a midpoint of 0.5 will be displayed rounded up to the nearest day
RA = regulatory authority; IQR = interquartile range

Table 3. Timelines in the activation process of the APHINITY trial across economic income groups.

L. Number of countries | Time to RA approval Time to EC/IRB Time from EC{IRB Time fro'm first patle'n tto
Economic income group %) (days) * approval (days) approval to first last patient randomised
4 PP 4 patient (days) (months)
High income 28 (66.7%) 45 (4-276) 60 (19-273) 98 (13-257) 18.2(11.9-21.7)
Upper middle income 11 (26.2%) 92 (15-372) 54 (14-421) 185 (73-463) 14.2 (6.5-18.2)
Lower middle income 3(7.1%) 55(32-111) 33(32-78) 201 (147-209) 15.1(13.5-17.4)
Overall 42 (100%) 53 (4-372) 56 (14-421) 118 (13-463) 17.0(6.5-21.7)

Data are presented as median (range)
2 The protocol was not submitted to a country RA for Israel. The corresponding timelines for Israel cannot be calculated
EC/IRB = Ethics Committee/Institutional Review Board; RA = regulatory authority

Recruitment period

The time intervals from the first randomised patient in each participating country to the last randomised patient in the study (study enrol-
ment closure) were recorded for all participating countries and across the defined economic and geographic regions. This timeline was rela-
tively homogenous between geographic regions (overall: 17 months, range: 6.5-21.7; Table 1) and economic regions (overall: 17 months,
range: 6.5-21.7; Table 3). Figure 1c shows the time that elapsed between the first patient being randomised and study enrollment closure in
each participating country. Of note, the recruitment period for APHINITY was short (less than 24 months).

Discussion

Regulatory requirements have the aim of ensuring the safety and appropriate conduction of clinical trials, safeguarding the wellbeing of
participants and providing assurance of research standards and data quality [12]. However, the high complexity of regulatory obligations
related to clinical trials and their variability among different countries and regions of the world can increase the burden of documentation on
investigators and the time taken to activate a clinical trial [2, 11].
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Compared to the previous analysis of ALTTO [1], another phase Il clinical trial that enrolled a similar population of patients with early-stage
HER2-positive breast cancer, we observed an overall improvement in the timelines for study initiation across the globe. For example, the
median time to RA approval in the Latin America and Caribbean regions in the APHINITY was 51 days (range: 15-276) compared to the 236
days (range: 21-257) for South America in the previous report [1]. An improvement in the time from EC/IRB approval to first patient ran-
domised was also noted for all geographic regions in APHINITY compared to ALTTO (overall median time 118 versus 169 days) [1]. Caution
is, however, needed in interpreting these results since the countries participating in ALTTO and APHINITY were not identical (Supplementary
Table 2). In addition, we did not see a statistically significant difference between the time to RA approval according to geographical region
or income classification in the APHINITY trial. This is to be welcomed and may reflect the collective work of collaborative research groups,
pharmaceutical industry sponsors, contract research organisations and RA across the globe between the implementation of ALTTO in 2007
and APHINITY in 2011.

It is, however, important to note the wide variability in the timelines for trial initiation within geographical regions and income classification,
suggesting that these two variables are not the main reasons for potential delays. Indeed, considering that all regulatory systems should share
the same ultimate goals of protecting patients’ safety and assuring research standards, [12] country-specific differences may not correspond
to disparities in regulatory needs, but more likely reflect differences in local operational procedures in individual sites and/or countries [2].

For example, an administrative challenge that can increase the time taken to initiate international trials in regions that speak different lan-
guages is the need for linguistic translation of patient informed consent forms and/or protocols [11]. This can be further prolonged if the
local IRB or EC requires forward and back translation of trial documents [2, 4]. In addition, the time to trial initiation may be prolonged by
the requirement to include specific institutional appendices or to edit the protocol according to specific institutional templates, fonts or
styles [10] to satisfy local regulatory standards; such bureaucratic requirements do not necessarily translate into an improvement in patient
experience, safety or research quality.

Another element that might contribute to the variability in timelines seen in our study is differences in drug supply and distribution between
countries [2]. Distinct drug approval processes and healthcare systems across the globe lead to different importation and related require-
ments which can affect the ease of supply and access to treatment in different regions [2, 16]. In addition, variations in labelling, transport
and storage requirements across different regions may also increase the length of study activation timelines and are also important to
consider. Sometimes, clinical trials may require biospecimens for translational research and/or confirmation of trial eligibility but regulatory
requirements related to the acquisition and management of biospecimens are heterogeneous across countries and may also affect activation
timelines [2, 17, 18]. In some regions, it might be necessary to set up parallel biobanks or laboratories, which will need quality assurance
processes to ensure reliability of the generated data [18, 19].

In an operational context, one means to reduce the time taken to activate clinical trial sites might be by conducting different activation steps
in parallel instead of in series. ‘In tandem’ processing of financial, contractual and regulatory steps successfully reduced the time taken to
activate clinical trials by 70% in three geographically diverse and distant Mayo Clinic sites [20]. The gains of this approach were achieved
primarily by reducing non-value-added time (i.e., wait or rework time) between steps, reducing rework and eliminating unnecessary steps,
rather than shortening the individual times required to conduct scientific and regulatory reviews or working longer hours [20].

In the European Union (EU), the Voluntary Harmonisation Procedure (VHP) is an initiative developed by the ‘Clinical Trials Facilitation Group/,
a working group of the ‘Heads of Medicines Agencies’ [21]. The VHP was established in 2009 to foster simultaneous initiation of the authori-
sation procedure for clinical trials in more than one European member state by submitting a single application. The VHP has reduced the
period required for the authorities to respond to the applicant of a multinational trial to a maximum 60 days in all EU countries involved [22].
During the period 2013-2018, 16%-23% of all multinational clinical trials in Europe underwent the VHP before submission to the national
competent authorities [22]. Of note, during the APHINITY trial, the VHP process was not followed; therefore, it is not known whether the
VHP could have impacted the results of our analysis.

We should, however, remember that study activation is only one of the facets where bureaucracy might hinder clinical cancer research.
According to a survey of 940 clinical investigators, the number of administrative tasks related to clinical trials and their complexity have
grown markedly during recent years, which they consider an obstacle to the development of clinical research [11]. Furthermore, there was a
consensus about the potential to limit such procedures without compromising the safety and the rights of the patients or the quality of data
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[11]. Indeed, recently, several medical societies, as well as patient advocates, have called for urgent actions to diminish bureaucratic burdens
and move towards more patient-centred, risk-based, pragmatic, efficient and cheaper trials [23]. The COVID-19 pandemic has given further
impetus to these moves [24].

Some limitations of our research need to be acknowledged. First, the results from this analysis should be considered as exploratory, as they
were not pre-planned; nevertheless, they warrant further evaluation in other phase Il trials. In addition, although the geographic and or eco-
nomic region were not identical in the two reports, 87.8% of the countries participating in APHINITY also participated in ALTTO, so there was
considerable overlap. In our report, however, geographic and economic regions were classified according to the current World Bank Criteria
(June 2019), while the prior ALTTO analysis only used World Bank Criteria to classify income groups and not geographic groups. In addition,
as the results were presented by country (and region), there would have been wide variation in income of the populations of hospital sites,
although these should not have affected nationwide procedures. Also, the rather small number of countries in some geographic regions, such
as North America and Middle East and North Africa, as well as in the lower-middle income subgroup should be noted. Lastly, our findings
may not apply to academic trials as they differ from industry sponsored trials in several aspects such as the resources available to address the
regulatory, as well as financial and operational, obligations of international clinical trials.

Conclusion

In conclusion, although general improvement in the timelines to activate a clinical trial was observed in the APHINITY trial compared to
the previous ALTTO report, there was wide variability in the timelines within geographic and economic regions. Our results suggest that
geographical regions and national income levels do not per se appear to be the major drivers behind a delay on activating a clinical trial. The

causes of such delays should, therefore, be further investigated on a country and site-basis with a common interest in the safe and efficient
delivery of clinical trials across the most diverse and representative patient populations possible.

Ethics approval and consent to participate

The APHINITY trial (Breast International Group 01-06) is a randomised, multicenter, open-label, phase Il study. The Ethics Committee and
relevant health authorities at each participating institution approved the study protocol. All participants gave written informed consent
before study entry.

Consent for publication

This manuscript does not contain any individual person’s data in any form. Therefore, consent for publication is not applicable.

Prior presentation

Partial results of this work have been presented as a poster at the 2020 San Antonio Breast Cancer Symposium (PS7-21).

Data availability
Due to the Informed Consent Form, data privacy and Intellectual Property Rights-related restrictions, the clinical data cannot be made public,

i.e., accessible for anyone, for any purpose without a review process and without putting an agreement in place. Nevertheless, raw data are
available upon request and any request can be directed to the central APHINITY team.
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Supplementary data

Supplementary Table 1. Participating countries in the APHINITY trial classified by geographic region and income.

Country Geographical region Income classification
Argentina Latin America and Caribbean Upper middle income
Australia East Asia and Pacific High income
Austria Europe and Central Asia High income
Belgium Europe and Central Asia High income
Brazil Latin America and Caribbean Upper middle income
Bulgaria Europe and Central Asia Upper middle income
Canada North America High income
Chile Latin America and Caribbean High income
China East Asia and Pacific Upper middle income
Colombia Latin America and Caribbean Upper middle income
Croatia Europe and Central Asia High income

Czech Republic

Europe and Central Asia

High income

Denmark Europe and Central Asia High income
El Salvador Latin America and Caribbean Lower middle income
France Europe and Central Asia High income
Germany Europe and Central Asia High income
Guatemala Latin America and Caribbean Upper middle income
Hong Kong East Asia and Pacific High income
Hungary Europe and Central Asia High income
Ireland Europe and Central Asia High income
Israel Middle East and North Africa High income
Italy Europe and Central Asia High income
Japan East Asia and Pacific High income

Republic of Korea

East Asia and Pacific

High income

Mexico

Latin America and Caribbean

Upper middle income

Netherlands

Europe and Central Asia

High income

Panama

Latin America and Caribbean

High income

Peru

Latin America & Caribbean

Upper middle income

Philippines

East Asia and Pacific

Lower middle income

Poland

Europe and Central Asia

High income

Romania

Europe and Central Asia

Upper middle income

Russian Federation

Europe and Central Asia

Upper middle income

Slovenia

Europe and Central Asia

High income

South Africa

Sub-Saharan Africa

Upper middle income

Spain

Europe and Central Asia

High income

Sweden

Europe and Central Asia

High income
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Supplementary Table 1. Participating countries in the APHINITY trial classified by geographic region and income. (Continued)

Country Geographical region Income classification
Switzerland Europe and Central Asia High income
Taiwan East Asia and Pacific High income
Thailand East Asia and Pacific Upper middle income
Ukraine Europe and Central Asia Lower middle income
United Kingdom Europe and Central Asia High income
United States North America High income

Supplementary Table 2. Participating countries in the APHINITY and ALTTO trials.

Countries Participated in APHINITY Participated in ALTTO
Argentina v v
Australia v v
Austria v v
Belgium v v
Brazil x v
Bulgaria v v
Canada v v
Chile v v
China v v
Colombia v X
Croatia v v
Czech Republic v v
Denmark v v
El Salvador v X
France v v
Germany v v
Greece X v
Guatemala v X
Hong Kong v v
Hungary v v
Ireland v v
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Supplementary Table 2. Participating countries in the APHINITY and ALTTO trials. (Continued)

Countries Participated in APHINITY Participated in ALTTO
Israel v v

Italy

Japan

Republic of Korea

Mexico

Netherlands

New Zealand

Norway

Pakistan

Panama

Peru

Philippines

Poland

Romania

Russian Federation

Singapore

Slovakia

Slovenia

South Africa

Spain

Sweden

Switzerland

Taiwan

Thailand

Ukraine

United Kingdom

United States
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