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ABSTRACT

The Ph1 oncology trial landscape is evolving in response to advances in understanding of cancer biology, novel drug discovery platforms, and therapeutic modalities.
To uncover emerging trends in oncology drug development, we identified 7,061 solid tumour Phl trials (2009-2021) from clinicaltrials.gov to determine the
numbers of trials commenced, therapeutic classes, combinations, tumour streams, and geographical distribution. Ph1 oncology trials increased by an average of 5.2
%/year. There was a significant relative increase in the number of immunotherapy studies and a significant relative decrease in trials containing chemotherapy.
Between 2009 and 2021, multi-agent combination trials outnumbered single-agent trials and single-class trials outnumbered multimodal combination trials. The
proportion conducted in the Asia-Pacific significantly increased. Multiregional trials decreased during the COVID-19 pandemic, reducing projected trial numbers in
Asia-Pacific and Europe whilst increasing single-region trials in North America. Further study is required to track recovery post-pandemic, and the emergence of

novel modalities (e.g. ADCs and cellular therapies).

Investment in research and development of novel cancer therapeu-
tics has rapidly increased in the past decade, due to successive waves of
new drug approvals in precision oncology and immuno-oncology ap-
proaches [1]. Consequently, the number, design, complexity, and
geographic distribution of phase I (Ph1) oncology trials has evolved [1,
2]. Improved understanding of trends in the development of novel
therapeutics in Phl oncology trials would enable resource investment
and infrastructure planning to be targeted appropriately. Evaluation of
international clinical trials registries provides a more comprehensive
representation of the Phl clinical trial landscape than literature review
by minimising publication bias and lag [3].

We characterised the changing trends in the Phl oncology clinical
trials in patients with solid tumours registered on clinicaltrials.gov over
between 2009 and 2021. Ph1 clinical trials registered on ClinicalTrials.
gov scheduled to start between 1 January 2009-31 December 2021 were
extracted using the search parameters: cancer, >18 years old, active,
recruiting, completed, early Phl, Phl, and interventional. Exclusion
criteria: not conducted in patients with solid tumours, testing a device or
procedure, solely involving supportive care or radiotherapy, or if the
therapeutic mechanism was unknown. Eligible Ph1 trials were catego-
rized by: (1) start date, (2) therapeutic class: chemotherapy, targeted
therapy, immunotherapy, radiopharmaceuticals, antibody-drug conju-
gates (ADCs), cellular, viral, hormonal, or radiotherapy, (3) tumour
stream: breast, lung, nervous system, gastrointestinal, genitourinary,

head and neck, skin, gynaecological, sarcoma, neuroendocrine or mul-
tiple, (4) geography, (5) single-agent or multi-agent combination trials,
the latter including > 2 drugs from the any class and (6) single-class or
multimodal combination trials, defined as using > 2 therapeutic classes
(Table 1). Expected trends were calculated using the least squares
method. Groups were compared using an unpaired, two-sided, t-tests.

11,715 trials were identified and classified by two independent re-
viewers (RK, CG), with a third reviewer (BT) arbitrated when consensus
was not reached. 4,654 trials were excluded, leaving 7,061 trials for
analysis. The studies were excluded sequentially according to the
following criteria: haematological malignancy only (2,659 trials), non-
malignant condition or healthy subjects (438 trials), paediatric popu-
lation only (155 trials), testing a device or procedure only (335 trials),
diagnostic or supportive only (959 trials), radiotherapy alone (75 trials)
or if the therapeutic mechanism was unknown (33).

In instances of overlapping therapeutic class of a particular agent, it
was classified according to the class of predominant anti-cancer effect.
For example, TT-00420 (Tinengotinib) is a spectrum-selective multi-
kinase inhibitor that targets cell proliferation, angiogenesis, and
immune-oncology pathways by inhibiting Aurora kinases A/B and Janus
kinases (JAK) involved in cytokine signalling and receptor tyrosine ki-
nases (FGFRs and VEGFRs) involved in the tumour microenvironment
[4]. Although there is an immune-modulatory component to the
mechanism of action, this is not the predominant mechanism of action,

* Corresponding author. Department of Medical Oncology, Alfred Health, 55 Commercial Rd, Melbourne, VIC, Australia.

E-mail address: ri.kelly@alfred.org.au (R. Kelly).

https://doi.org/10.1016/j.conctc.2023.101239

Received 27 June 2023; Received in revised form 4 October 2023; Accepted 29 November 2023

Available online 18 December 2023

2451-8654/© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


http://clinicaltrials.gov
http://clinicaltrials.gov
http://ClinicalTrials.gov
http://ClinicalTrials.gov
mailto:ri.kelly@alfred.org.au
www.sciencedirect.com/science/journal/24518654
https://www.elsevier.com/locate/conctc
https://doi.org/10.1016/j.conctc.2023.101239
https://doi.org/10.1016/j.conctc.2023.101239
https://doi.org/10.1016/j.conctc.2023.101239
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

R. Kelly et al.

Table 1

Classification of trial type according to number of therapeutic agents and ther-
apeutic classes involved. Trials with both single and combination arms were
classified as using >2 drugs.

Trial type 1 drug >2 drugs

1 therapeutic class Single-class, single-agent Single-class, multi-agent
trial trial

> 2 therapeutic Not applicable Multi-modal combination

classes trial

and it is therefore classified as a targeted therapy.

The number of Ph1 trials registered on ClinicalTrials.gov increased
by a mean of 5.2 % per year between 2009 and 2021, with the most
rapid increase from 2015 to 2016 by 27.5 % (Fig. 1). Multi-agent
combination Phl trials were consistently more frequent than single-
agent Phl trials (4,278 (40.6 %) vs 2,783 trials (39.4 %)) (Fig. 2).
Single-class trials were consistently more frequent than multimodal
combination trials (4,022 (60.0 %) vs 3,039 trials (40.0 %)) (Fig. 3).
When examining the regional differences in this regard, it was notable
that between 2019 and 2021, average numbers of multi-agent and
single-agent trials annually were approximately even in Asia Pacific
(100 vs 105 trials) and Europe (29 vs 31 trials) while in North America,
multi-agent trials accounted for a much larger proportion (192 vs 100
trials). There were no significant regional differences with regard to
increase in therapeutic class over time.

Phl trials containing chemotherapy declined by an average 0.8 %
annually, a significant proportional mean difference of 5.6 % from the
overall increasing Ph1 trials (95 % CI:0.2-11.1 %, p = 0.043) (Fig. 4).
The number of trials which used immunotherapy agents proportionally
increased at a significantly higher mean annual rate of 22.8 % than the
overall number of trials at 4.8 % annually (mean annual difference 18.0
%, 95 % CI:0.02-36.0 %, p = 0.049). Cellular therapies increased by an
average of 15.5 % annually, not significantly different to overall trial
increases (p = 0.140). Immunotherapy plus targeted combinations saw
the highest average annual increase of 41.1 % (Fig. 5). Targeted plus
chemotherapy trials decreased most in absolute terms, from 83 trials in
2009 to 30 trials in 2021, an average decline of 7.17 % annually. This
was not significant when compared to changes in overall trial numbers
(mean annual difference: 12.0 %, 95 % CI: 0.5 to 24.5, p = 0.058).

Single tumour stream-specific Phl trials (gastrointestinal: 14.0 %,
lung: 8.4 %, genitourinary: 7.6 %, breast 6.7 %) were more common
than multiple tumour-types trials (43.3 %). Of the 7,061 total Ph1 trials,
1,638 (23.2 %) were held across multiple regions. Of note, there has
been a significant increase in the proportion of Ph1 clinical trials which
included an Asia-Pacific site, from a mean of 30.1 % (2009-2014) to
41.8 % (2015-2020) (p = 0.003) (Fig. 6).

To assess the impact of the COVID-19 pandemic on the registration of
Ph1 trials in each region, we calculated an expected number of trials for
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each region, projected from the trend of the preceding 3 years, and
compared that with the actual number of registered trials. Trial numbers
in Asia-Pacific and Europe were lower than expected by 21.0 % (415 vs
328 trials) and 31.0 % (203 vs 140 trials) respectively (Fig. 7). Total trial
registration numbers were as expected in North America, however from
the 2020 to 2021 calendar years, there was a 29.6 % decline in multi-
region trials (from 169 to 119 trials) and a 46.5 % increase in single-
region trials (from 226 to 331 trials) in North America (Fig. 8).

Consistent with previous studies [5,6], we showed increase in the use
of immunotherapy in Phl trials across the study period. The Food and
Drug Association (FDA) approved the use of the CTLA-4 inhibitor ipili-
mumab for melanoma in March of 2011, but it was not until 2014, when
the PD-1 inhibitor pembrolizumab was approved, that rates of immu-
notherapy use in Phl trials increased dramatically (Fig. 4). A predomi-
nance of multi-agent combination trials and of single-class trials was
consistent with previous studies [6]. Upadhaya et al. [5] concluded in
November of 2020 that impacts of COVID-19 on Ph1 trials had peaked in
April 2020, and was recovering. Our data instead suggests the impacts of
the COVID-19 pandemic on Phl trials were ongoing in 2021. Marked
shifts away from multi-regional collaboration were seen, increasing
single-region trials in North America, while single-region trials regis-
tered in other regions remained steady (Fig. 8). This may impact nega-
tively on the capacity for recruitment of large patient populations,
reduce ethnic diversity in trial populations and limit capacity to study
rare tumours or specific molecular subtypes.

This study provides important insights into trends in phase I trial
activity but has some limitations. Not all trials are registered on clinicalt
rials.gov. Tumour stream-specific analysis was limited to trials recruit-
ing only one tumour stream; trials recruiting 2 or more tumour streams
were not included in this analysis. Small absolute numbers of some
therapeutic classes in Phl trials (i.e. cellular therapies) limited the sig-
nificance of emerging proportional changes when comparing with other
modalities. When examining trial registrations by region, we did not
discriminate between leading and participating regions. Overlapping
drug mechanisms were not accounted for, limiting classification ac-
cording to the predominant mechanism of action.

In summary, our data showed that Phl trials are increasing in
number and heterogeneity in terms of types of drugs used and combi-
nations. There was significant increase in Phl trials using immuno-
therapy, whilst studies using chemotherapy decreased. COVID-19
negatively impacted on multi-region participation, reinforcing a land-
scape of North America-led single-region trials, without significant
impact on the absolute number of Ph1 trials registered in other regions.
More research is required to examine the permanence of Covid-19
pandemic related changes, and track the emergence of less common
therapeutic classes, including ADCs, cellular and viral therapies.
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Fig. 1. Number of newly registered phase 1 oncology trials over time.
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Fig. 2. Single-agent versus multi-agent combination phase 1 trials over time.
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Fig. 3. Single-class versus multimodal combination phase 1 trials over time.
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Fig. 4. Inclusion of therapeutic modalities in Phase I trials over time. C = chemotherapy, T = Targeted therapy, IO = Immunotherapy, ADC = Antibody-drug
conjugate. All trials including each therapeutic class were included in this figure, irrespective of their combination with other therapeutic classes within the

same trial.
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Fig. 5. Phase 1 trials by combination of therapeutic classes over time. C = chemotherapy, T = Targeted therapy, I0 = Immunotherapy, RT = Radiotherapy.
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Fig. 6. Phase 1 trials by geographical region over time. Note: those trials which included multiple regions were counted towards the total of both regions.
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Fig. 7. Impact of the COVID-19 pandemic on projected number of phase 1 trials by geographical region. Dotted lines indicate expected phase 1 trial numbers for
2021, calculated using the least squares method, examining data from the preceding three years.
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Fig. 8. Single versus multi-region phase 1 trial registrations by region over time.
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