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Background: Data are quite sparse on the comprehensive analyses of pulmonary hypertension (PH)
clinical trials worldwide.

Methods: Information including participating countries (developed or developing), intervention type, trial
size, PH categories, sponsorship, study phase, design strategies, and participants’ demographic characteristics
was extracted from PH trials registered on Clinical Trials.gov from 1999 to 2021.

Results: A total of 203 eligible clinical PH trials were screened, involving 23,402 participants, 67.8%
of whom were females. Major clinical trials were designed to test drug interventions (95.6%), sponsored
solely by industries in 59.5%, and targeting Group 1 PH patients in 76.3%. A large number of countries
participated in PH clinical trials; however, most clinical trials were conducted in developed countries (84.2%).
Developing countries were involved in clinical trials with larger sample sizes (P<0.01). Additionally, the
differences between developed and developing countries centered on interventions, sponsors, PH groups,
and design strategies. Furthermore, developing countries participated in multinational clinical trials with
good quality, homogeneity, reliability, and data authentcity. All pediatric participants were diagnosed with
Group 1 PH and were only involved in drug intervention trials. Children participated in far fewer clinical
trials than adults (P<0.01), and most were enrolled in PH clinical trials in developed countries. Among
the entire clinical trial population, younger patients with Group 1 PH had a much higher participation
to prevalence ratio (PPR). There was no difference in women’s PPRs between developed and developing
countries. However, developing countries had higher PPRs for PH Groups I and IV (1.28 vs. 1.22, P<0.01),
while developed countries had a lower PPR for Group III (P=0.02).

Conclusions: PH is attracting increasing global attention, which is not at the same level of progress in
developed and developing countries. Women and children with this disease have unique characteristics and

require more attention.
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Introduction

Pulmonary arterial hypertension (PAH) is a rare but
life-threatening cardiopulmonary disease (1). Although
pulmonary hypertension (PH) was first described in 1891,
it was not until 1973 that the World Health Organization
(WHO) formally established a clinical classification and
management guidelines. More in-depth research has led to
consistent improvements in our understanding of PH, and
the prognosis of patients has been significantly improved.
The 1- and 3-year survival rates of PAH patients included
in the U.S. National Institutes of Health (NIH) registry
in the 1980s were only 68% and 48%, respectively (1). In
1990, phase III premarketing clinical trials of intravenous
epoprostenol infusion demonstrated remarkably
improved survival in patients with idiopathic PAH (IPAH)
(conventional therapy vs. epoprostenol, P=0.003) (2),
inaugurating the era of targeted PAH drug therapy (3).
In fact, in contemporary registries, the 1-, 3-, and 5-year

Highlight box

Key findings

e The participation of developing countries in global PH clinical
trials was low. There are large gaps between developed and
developing countries in children’s representation, and type of
clinical trial, interventions, study phase and sponsorship.

What is known and what is new?

¢ The distinct differences in clinical trials on PH between developed
and developing countries have not been elucidated.

* Developed countries play a leading role in initiating PH clinical
trials, while participation in developing countries is progressively

increasing.

What are the implications, and what should change now?

® There are large gaps between developed and developing
countries in children’s representation, and types of clinical
trial, interventions, study phase and sponsorship. Women with
pulmonary arterial hypertension (PAH) were relatively better
represented in Group 1 PH trials, drug intervention trials, phase
IIT studies, and industry-sponsored studies. More importantly,
effective strategies to improve the representation of developing
countries in PH clinical trials are needed.
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survival rates of heritable PAH or IPAH were 85%, 68%,
and 57%, respectively, in the US REVEAL Registry (4),
consistent with the survival rate reported in the French
Registry (85.7%, 69.6%, and 54.9%, respectively) (5).

However, the PAH prognosis seems to be unbalanced
worldwide. In fact, the survival rate in developing countries
is far lower than that in developed countries. In 2007,
the 5-year survival rate of the untreated PAH cohort in
China was only 20.8%, the largest developing country in
Asia (6), which is similar to the US survival rate before
the availability of PH therapies (1). Meanwhile, in the
modern management era, when patients with PAH had
access to targeted therapies, the survival rate of IPAH
patients in China improved remarkably, reaching a level
similar to that in developed countries, with 1- and 3-year
survival rates of 92.1% and 75.1%, respectively (7). It
can be inferred that successful clinical trials of targeted
PH therapies may be responsible for the improvement
in survival during this period. The availability of “study
sponsored” drugs might have alleviated the economic
burden of PH treatment in developing countries. Taking
China as an example, most patients have no access to
targeted therapy except through enrollment in clinical
trials; in this way, they have the opportunity to receive
adequate early combination therapy (8).

However, a detailed analysis of global PH clinical trials
is still lacking. Based on this, we collected ClinicalTrials.
gov data before December 2021. All registered clinical trials
on PH were analyzed and summarized to investigate the
differences in PH characteristics between developed and
developing countries.

Men and adults account for the majority of patients
with common cardiovascular diseases; however in PH,
there is a higher disease prevalence in women and similar
prevalence rate in children compared to adults (9,10).
Therefore, we summarized PH clinical trials enrolling
women and children. The current study aimed to (I)
provide a comprehensive analysis of the PH clinical trials
in developed and developing countries and (II) assess the
participation of women and children.
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Methods

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Data source and study selection

We searched for clinical trials registered at ClinicalTrials.
gov using the search terms “pulmonary hypertension” as
the disease condition, “all studies” as the recruitment status,
and “with results” as the result status. We further restricted
“completed” to recruitment status and excluded “children
only” for the age group. The search period was from
January 1, 1999, and January 31, 2021. Trials were excluded
if (I) the disease type was not PH and (II) the result status
was “without results”.

Data extraction

Only trials that met the aforementioned inclusion criteria
were selected. The following information was extracted: (I)
National Clinical Trial number; (II) primary completion date;
(III) trial locations; (IV) intervention types (drugs, devices,
lifestyle changes, procedures, or multiple interventions); (V)
clinical classification of PH (Groups 1-5 PH); (VI) sponsor
types [research institute (hospital/medical center and
university), industry, government, industry and research
institute and multiple sponsors]; (VII) sponsor name;
(VIII) trial size; (IX) proportion of women; (X) mean age;
(XI) funding sources; (XII) interventional model (parallel
assignment, single group assignment, and crossover
assignment); (XIII) masking [single (outcome assessor),
double (participant, investigator), triple (participant,
care provider, investigator), quadruple (participant, care
provider, investigator, outcome assessor), none (open
label)]; (XIV) allocation (non-randomized, randomized);
(XV) clinical trial type (observation and intervention);
(XVI) study phase (I, II, III, and IV) and completion status
(completed, terminated, active, not recruiting). Trials
conducted both in developed and developing countries were
categorized as “developed and developing countries”, and
those only in developed countries as “developed countries”.
Countries were assigned to income levels according to the
WHO categorization, which is based on a country’s gross
national income per capita. The high-income level group
included a total of 53 countries (income per capita of US
$10,066 or more), the middle-income level group included
93 countries (income per capita of US $826 to $10,065), and
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the low-income level group included 59 countries (income
per capita of US $825 or less) (11). Developed countries,
included sovereign states with highly advanced economies
and technological infrastructure. Developing countries,
including underdeveloped and less developed countries,
have a low Human Development Index and a less developed
industrial base.

The participants were divided into four groups based on
the following age ranges: <47, 48-53, 54-59, and >60 years
according to the interquartile range. Trial size was divided into
four groups by quartiles (quartile 1, <19; quartile 2, 20-36;
quartile 3, 37-148; quartile 4, >149 study participants). The
clinical classification of PH was categorized according to

the 6th World Symposium on PH (12,13).

Statistical analysis

We tested the differences between developed and
developing countries depending on trial size, intervention
type, study phase, sponsor type, clinical classification of
PH, clinical trial type, allocation, completion status, and
intervention model. The comparisons of adults and children
were calculated and stratified by age, intervention type, trial
size, clinical classification of PH, study phase, sponsor type,
country category, allocation, clinical trial type, intervention
model, and masking. The participation to prevalence
ratio (PPR) in the PH population, which is a measure that
describes the representation of women in trials based on
their proportion in the PH population, was computed using
the formula below, as previously described (14,15).

PPR = Percentage of wemen among trial participants (%)

Percentage of wemen among PH population 1]

The proportion of females in the PH population was
57.2%, which was obtained from the most recent or large
epidemiological population-based data available in the
literature (9,16,17). The influence of PH prevalence on
actual female participation rates could be adjusted by
the PPR. A PPR of 1 suggested that the sex distribution
in the respective trial was comparable to that of the
disease population. Women were considered to be
underrepresented or overrepresented when the PPR was
<0.8 or >1.2, respectively, relative to women in the disease
population (14). We also compared the PPR differences
between developed and developing countries, as well as
between children and adults.

The differences between groups were assessed using
the z-test, Mann-Whitney U test, Wilcoxon rank sum
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test, Kruskal-Wallis test, or one-way Analysis of Variance
(ANOVA). The Bonferroni method for correcting the
significance level for multiple comparisons was applied.
Pairwise comparisons of continuous variables were
performed using the Mann-Whitney U test. All analyses
were conducted using R (version 4.1.0, Camp Pontanezen,
TX) and GraphPad Prism software (version 7.0.1, San
Diego, California, USA).

Results
General characteristics of trials

Initially, 1,181 clinical trials were found by the condition
or disease of “pulmonary hypertension” from January 1,
1999, to January 31, 2021. We excluded studies on healthy
volunteers (n=4), trials without updated study results
(n=973), and trials sponsored by developing countries (n=1).
Ultimately, 203 trials were included for further analysis
(Figure 1), including 23,402 participants with a mean age of
5015 years, among whom 67.8% were women (Tuble I).
Almost all countries on all continents have participated in
PH clinical trials; however, most trials were carried out by
European and American countries (nearly 90%) (Figure S1).

The sample sizes of trials involving developing countries
were significantly larger than those of trials involving
developed countries (P<0.01). From a global perspective,
clinical research on PH has surged in recent years; with
higher number of developing countries participating in
global PH clinical research, although still far less than
that of developed countries (Figure S2). Of the 203 trials
included, 95.6% evaluated drug interventions, 59.6%
were fully sponsored by pharmaceutical companies, 76.3%
included Group I PH (PAH), and 84.2% were conducted
only in developed countries (n=171) (Table 1).

PH clinical trials between developed and developing
countries

The sponsors of clinical trials in developed countries were
mainly the pharmaceutical industry (53.2%) and research
institutions (39.2%), while the pharmaceutical industry
(93.8%) was the main sponsor in developing countries.
As for the study phase, early phases, such as phase I or 1I,
were mainly conducted in developed countries (Table 1),
while phase III PH clinical trials were mainly conducted in
developing countries (65.6%).

Regardless of whether studies were conducted in

© Journal of Thoracic Disease. All rights reserved.

3375

developed or in both developed and developing countries,
intervention drugs were dominant. In terms of the
intervention type, developing countries only participated
in the clinical trials of drug interventions, while developed
countries participated in more diversified clinical studies,
including drug- or device-related studies and studies with
multiple interventions, even though the drug intervention
type was predominant (Figure 24). In terms of the study
phase, patients in developing countries mainly participated
in phase III clinical trials, accounting for more than 50% of
trials (Figure 2B). Among the clinical studies conducted only
in developed countries, pharmaceutical companies were
the major sponsor type, followed by research institutions
(Figure 2C). As shown in Figure 2D, Group 1 PH was the
predominant type for all PH clinical studies. In addition,
non-Group 1 PH pediatric patients were only recruited
in developed countries. All participants from developing
countries were recruited only for intervention trials,
while observational clinical studies were only conducted
in developed countries (Figure 34). Notably, there was
no significant difference in the allocation model between
developed and developing countries, which indicates
that the research design has a certain homogeneity and
reflects the high quality of the clinical trials (Figure 3B).
Of the 23,402 study participants, 557 pediatric patients
(<17 years old) were involved in clinical trials without
any adult participation. No significant differences existed
in the completion rate of clinical studies between adults
and children regardless of the developmental status of the
countries (Figure 3C). Single group and parallel assignment
were the main intervention patterns of PH clinical studies
regardless of the developmental status of the countries
(Figure 3D).

Children in PH clinical trials

Regarding the sample size of PH clinical trials, there were
significant differences in adult and pediatric participants
in trials including only developed countries, which were
abrogated if developing countries were included (Figure S4).
In developed and developing countries, PPR was highest in
clinical trials involving both adults and children, while PPR
of clinical trials showed homogeneity in developed countries
independent of age (Figure S5). All PH clinical trials
including children tested drug interventions (Figure 2A4).
Children in developed countries were enrolled in more
diverse PH clinical trials with various phase stages than
those in developing countries (P<0.001) (Figure 2B). Trials
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Table 1 Basic characteristics of the 203 clinical trials, 1999 to 2021

Developed countries

Developed and developing

Characteristics (N=171) countries (N=32) Total (N=203) P value*
Female (%) N=167 N=32 0.140
Mean (SD) 68.3 (23.2) 64.8 (16.3) 67.8 (22.3)
Age (years) N=136 N=25
Mean (SD) 50.8 (15.2) 46.9 (16.0) 50.2 (15.3) 0.246
Sample size (n)
Median (min, max) 27 (1, 3,337) 165 (3, 1,192) 32 (1, 3,337) <0.001

Sponsor type, n (%) <0.001

Government 2(1.2) 0 2(1.0)
Industry 91 (63.2) 30 (93.8) 121 (59.6)
Industry and research institute 10 (5.8) 0 10 (4.9)
Multiple sponsors 1(0.6) 0 1(0.5)
Research institute 67 (39.2) 2(6.2) 69 (34.0)

Phase, n (%) <0.001

Phase 1 5(2.9) 2(6.2) 7 (3.4)
Phase 2 53 (31.0) 4 (12.5) 57 (28.1)
Phase 3 49 (28.7) 21 (65.6) 70 (34.5)
Phase 4 31(18.1) 5(15.6) 36 (17.7)
Phase 1 & Phase 2 5(2.9) 0(0.0) 5 (2.5)
Phase 2 & Phase 3 4 (2.3) 0 (0.0) 4 (2.0)
Not applicable 24 (14.0) 0 (0.0 24 (11.8)

Adults or children, n (%) 0.194
Children 15(8.8) 4 (12.5) 19 (9.4)

Adults 144 (84.2) 23 (71.9) 167 (82.3)
Children and adults 12 (7.0) 5(15.6) 17 (8.4)

Completion status, n (%) 0.686
Completed 119 (69.6) 20 (62.5) 139 (68.5)

Terminated 49 (28.7) 11 (34.4) 60 (29.6)
Active, not recruiting 3(1.8) 1(3.1) 4 (2.0)

Clinical trial type, n (%) 0.223
Observation 13 (7.6) 0(0.0) 13 (6.4)

Intervention 158 (92.4) 32 (100.0) 190 (93.6)

Allocation, n (%) N=158 N=32 0.168
Randomized 71 (41.5) 20 (62.5) 91 (44.8) 0.183
Non-randomized 86 (50.3) 12 (37.5) 98 (48.3)

N/A 1(0.6) 0(0.0) 1(0.5)

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.
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Developed countries

Developed and developing

Characteristics (N=171) countries (N=32) Total (N=203) P value*
Intervention model, n (%) N=157 N=32 0.056
Parallel assignment 69 (40.4) 22 (68.8) 91 (44.8)
Single group assignment 76 (44.4) 10 (31.2) 86 (42.4)
Crossover assignment 11 (6.4) 0(0.0) 11 (5.4)
Factorial assignment 1(0.6) 0(0.0) 1(0.5)
Masking, n (%) N=158 N=32 0.378
Double 19 (11.1) 4 (12.5) 23 (11.3)
None (open label) 91 (53.2) 15 (46.9) 106 (52.2)
Quadruple 28 (16.4) 10 (31.2) 38 (18.7)
Triple 14 8.2) 3(9.4) 17 (8.4)
Single 6 (3.5) 0(0.0) 6 (3.0
Intervention type, n (%) N=170 N=32 0.457
Drug 162 (94.7) 32 (100.0) 194 (95.6)
Devices 7 (4.1) 0(0.0) 7 (3.4)
Multiple interventions 1(0.6) 0(0.0) 1(0.5)
PH group, n (%) N=35 N=184 N=219 0.353
Group 1 PH 26 (74.3) 141 (76.6) 167 (76.3)
Group 2 PH 2(5.7) 13(7.1) 15(6.8)
Group 3 PH 2(5.7) 16 (8.7) 18 (8.2)
Group 4 PH 4 (11.4) 6 (3.3 10 (4.6)
Group 5 PH 1(2.9) 8 (4.3 9 4.1)

*, when the Bonferroni method was employed for correcting the significance level of 43 comparisons made in this study, the adjusted
significance level was 0.001; T, numbers may add up to >100% as some clinical trials enrolled more than one Group PH. SD, standard

deviation; N/A, not applicable; PH, pulmonary hypertension.

involving children in developing countries were funded only
by drug companies. Similar to the results for adults, those
for children showed that Group 1 PH was the predominant
type for all PH clinical studies (Figure 2D). The clinical
trial type (observation and intervention), allocation model,
completion status, intervention model, and masking in
children are also shown (Figure 34-3D).

Women in PH clinical trials

A total of 129 PH clinical trials were included to analyze the
participation of women in PH clinical trials (Figure 1). Among
the whole clinical trial population, the PPR of elderly PH

© Journal of Thoracic Disease. All rights reserved.

patients (>60 years old) was lower than that of younger
PH patients (Figure 44). No differences in the female
PPR existed between developed and developing countries
(Figure 4B). The PPR of Group 1 PH was much higher
than those of the other PH groups (1.259, 1.058, 0.720,
1.053, and 0.982 for Groups 1-5, respectively) (Figure 4C).
In trials involving only developed countries, the female
PPR of Group 3 PH was much lower than those of Group 1
PH and Group 2 PH (0.69 vs. 1.29, P<0.001; 0.69 vs.
1.06, P=0.02, respectively). In trials involving developing
countries, women were overrepresented in Group 1 and
Group 4 PH, and the PPRs of Group 1 PH were higher
than those of WHO Group 4 (1.28 vs. 1.22, P=0.004)
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U.S. National Library of Medicine Clinicaltrials.gov

Result status: “Without results”

\ * Sponsored by developing country (n=1)
1 ® Healthy people participated (n=4)

Y

Clinical trials of pulmonary hypertension (n=203)
Status: All studies

o Active, not recruiting (n=4)
. Terminated (n=60)
o Completed (n=139)
Clinical studies only initiated and participated by developed
(n=32)

Clinical studies initiated by developed countries with
developing countries participation (n=171)

Age groups:
o Only children (birth-17 years) (n=11)
S Only adults (18 years+) (n=120)

e Adults and children (adult accounted for the majority,
while few children enrolled) (n=8)
(January 1, 2003 to January 31, 2021)

1 ® Uncompleted studies (active, not
| recruiting & terminated) (n=64)
i e Only children enrolled (n=11)

Figure 1 Flow chart of the trial selection process.

(Figure 4D). Moreover, the PPR was also higher in phase
IIT clinical trials (P=0.03) (Figure 4E). There were no
differences in the female PPR in terms of phase staging
(Figure 4F). The PPR was also higher in trials sponsored by
research institutions (P=0.004) (Figure 4G). There were no
differences in terms of sponsors (Figure 4H). Compared with

those in device intervention-related clinical studies, female

© Journal of Thoracic Disease. All rights reserved.

patients participating in clinical studies of drug interventions
tended to have a higher PPR (1.229 vs. 0.9533, respectively,
P=0.05) (Figure 4I). However, there were no differences in
the female PPR in terms of intervention type (Figure 47),
trial size (Figure 4K) or clinical trial design, including
allocation, clinical trial type, and masking (Figure S3).

Similar results were observed between developed and
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B Phase staging
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P, |<0.001| <0.001 | <0.001 | <0.001 | <0.001] <0.001

n | 23| 4 [ 5 [14a] 15| 12

n, | 52 [ 8 | 10 [ 16 | 15 [ 13

Figure 2 Comparisons of adults and children stratified by several categories. (A) Intervention type; (B) phase staging; (C) sponsor type; (D)
group PH. P represents the probability of detecting the total difference of PH clinical trials, including adults, children, and children and
adults, in the indicated comparative variables, and N represents the number of PH clinical trials required for the analysis. Ps represents
the probability of detecting the subgroup difference of PH clinical trials, including adults, children, or mixed children and adults, in the
indicated comparative variables, and n, represents the number of each subgroup of PH clinical trials as indicated for the analysis. PPR,
participation prevalence ratio; A, adults; C, children; C&A, children and adults; NA, not applicable; PH, pulmonary hypertension.

developing countries in terms of trial sizes (Figure 4L).

Discussion
General characteristics of trials

From the world map distribution of clinical trials and the
increasing trend of the number of trials, PH, a rare disease,
has been receiving increasing attention from countries,
regardless of their economic status. The multinational
design is very popular in clinical drug research worldwide
(8,18). Developed countries play a leading role in the
promotion of PH trials, which also drives the participation
of developing countries. Globally, clinical research on

© Journal of Thoracic Disease. All rights reserved.

PH has surged in recent years. In fact, the number of
enrolled patients, the duration of drug clinical trials, and
the participation of developing countries have all increased.
However, there is a difference between developed and
developing countries in the acceleration time/mode to reach
the peak number of PH trials, where developed countries
peaked in an earlier period compared to developing
countries. Such is the scenario in the introduction of
endothelin receptor antagonists and related targeted drugs in
developing countries (7). In other words, the results of these
clinical trials have led to a different era of PH treatment.

In initial PH treatment studies, the average study duration

was 3—4 months, and the primary outcome was a change in
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Figure 3 Comparisons of adults and children stratified by several categories. (A) Clinical trial type; (B) allocation; (C) completion status;

(D) intervention model. P represents the probability of detecting the total difference of PH clinical trials, including adults, children, and

children and adults, in the indicated comparative variables, and N represents the number of PH clinical trials required for the analysis. Ps

represents the probability of detecting the subgroup difference of PH clinical trials, including adults, children, or mixed children and adults,

in the indicated comparative variables. n, represents the number of each subgroup of PH clinical trials as indicated for the analysis. A, adults;

C, children; C&A, children and adults; NA, not applicable; PH, pulmonary hypertension.

the 6-minute walking distance. Today, the design of clinical
trials was more complex; with the main goal of reducing
the incidence rate of composite poor outcome. There are
many reasons for this change, including insufficient early
recognition, high mortality, and unclear drug efficacy. The
length and endpoint of the clinical trials were considered
only after the survival rate was improved in the later
stage. This also reflects the continuous improvement of
disease awareness and the gradual exploration of drugs.
In the same way, the different degrees of drug acceptance
and compliance among patients affect the setting and
implementation of test results. These changes also indicate
that the understanding and development of this key disease
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have entered a new stage.

PH clinical trials between developed and developing
countries

We found that almost all PH clinical trials were initiated
by developed countries. Developed countries have actively
engaged in all global clinical trials, with a participation rate
that is significantly higher than that of developing countries.
Developed countries may recognize and add importance
to the treatment of rare diseases earlier that developing
countries that may have other more pressing concerns.
In developed countries, scientific research institutions,

7 Thorac Dis 2023;15(6):3372-3385 | https://dx.doi.org/10.21037/jtd-23-701



Journal of Thoracic Disease, Vol 15, No 6 June 2023

3381

A B e Developed C D e Developed
o @ Developed and developing @ Developed and developing
37 2.0 - 47 -
o : T — G5
o ok G4 L]
o Fkk 15 o34 ™. G3 4
— — 54 5 — x
T 2 @ [ G2 -
< 2 I I o 5 | . G1 - [=:-%}
& x 07 e G5 —e—
a1 T = o G4 ot
0.5 4 o1 @ 9= G3{ +—e—i
g ° o g o o o G2 - e I ]***
G1 p—e—i
o T T T T 0-0 T T T T 0 T T T T T T T T T 1
Age <48 48-5354-59 >59 Age <48 48-53 54-59 >59 Gl G2 G3 G4 G5 0.0 0.5 1.0 1.5 2.0 2.5
years years PPR (WHO Group PH)
E F ® Developed G H ® Developed
o Developed and developing ® Developed and developing
49 . 20 - 49 2.0 -
i 1 I Hk
2} — — -
g8 %151 53 5151
2 £ i 2 2 f
> o a . } { S o g
32_ 1.0 1 @2- ‘%1.0-
S o 3 o .
E1-§ € 05 A &1 T 05
e g o ]
[] o
o T T 0-0 T T T T T 0 T T T T T 00 T T T T
Phase 1 2 Phase 1 2 3 4 NA R I G I+R M R | G IR
| J ® Developed K L e Developed
e Developed and developing ® Developed and developing
— _ 2.0 3 - 0 -
237 P=0.05 3 2.0
= = — —
T ° 5 151 o ° Q1.5
=2 LR 3% IITRERIRS
15 € 1.0 g £ 404
e 2 g - =
1 %o 5 o < 14 . <
£ o £05 o 8 o a 0.5 1
s 3 o & o 8
o 0- a 0.0 T T T 0 T 9 T T 0.0 T T T T
Drug Device Multiple Drug Device Multiple Quartile 1 2 3 4 Quartile 1 2 3 4

Figure 4 PPR comparisons stratified by different categories in the whole population and in trials in only developed countries and both developed
and developing countries. (A) Age in the whole population; (B) age between developed and developing countries; (C) clinical classificaton of PH
(G1, G2, G3, G4, and G5 indicate WHO Group 3 PH, WHO Group 2 PH, WHO Group 3 PH, WHO Group 4 PH, and WHO Group 5 PH,
respectively) in the whole population; (D) clinical classification of PH between developed and developing countries; (E) study phase in the
whole population; (F) study phase between developed and developing countries; (G) sponsor categories [R: research institute (hospital/
medical center and university); I: industry; G: government; I + R: industry and research institute; M: multiple sponsors]; (H) sponsor
categories between developed and developing countries; (I) intervention type in the whole population; (J) intervention type between
developed and developing countries; (K) trial size in the whole population; (L) trial size between developed and developing countries. Trial
sizes were divided into four groups by quartiles (quartile 1, <19; quartile 2, 20-36; quartile 3, 37-148; quartile 4, >149 participants). The
difference among groups was assessed by the Wilcoxon rank sum test, the Kruskal-Wallis test, or one-way ANOVA. The Bonferroni method
for correcting the significance level for multiple comparisons was applied. *, P<0.05; **, P<0.01; ***, P<0.001. PPR, participation prevalence
ratio; PH, pulmonary hypertension; ANOVA, Analysis of Variance; WHO, World Health Organization.

clinical trials in developing countries are mainly phase III
trials, and the participation rate in early clinical trials is
much lower. However, due to the differences in drug safety

universities, government institutions, and other institutions
support PH clinical trials, while in developing countries,
only companies support PH clinical trials. Therefore,
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and tolerance between different nationalities and races, we
strongly suggest that phase I and II clinical trials also be
carried out in developing countries in the future.

Despite participating in fewer PH clinical trials than
developed countries, developing countries were involved
in clinical trials with larger sample sizes. From a global
perspective, transnational designs are very popular in
the clinical design of PH trials (8,17). On the one hand,
the population of patients with PAH in the developed
world is now relatively small for meeting demands for the
simultaneous enrollment of patients and rapid progress. On
the other hand, it certain types of PH are more prevalent
in developing countries than in developed countries (8).
The age, sex, and etiological subgroups of Group 1 PH
have different epidemiological distributions between
developed and developing countries. In the former, the
patients are older, and the most common etiological group
is the IPAH group; in the latter, the patients are younger,
without comorbidities, and the most common etiological
group is the group with PAH associated with congenital
heart diseases. This further verified our conjecture that
the etiology type is inconsistent between developing and
developed countries and highlights a strategic significance
for global collaboration in clinical trials.

Several factors that are intrinsic to developing countries
add to the complexity of managing patients with PH (19-22).
These factors include the late presentation of diseases,
multiple comorbidities (e.g., infections, malnutrition), the
lack of expertise, the unreliable availability of medications,
the cost of care, ‘out-of-pocket’ payment models, limited
follow-up, and the absence of multidisciplinary patient
units where all services necessary to treat PH patients
are available. However, the completion status, clinical
trial types, allocations, intervention models, and masking
models in developing countries participating in trials are
comparable to those in developed countries participating
in trials, demonstrating that the quality, homogeneity,
reliability, and data authenticity of multinational clinical
studies are good. The increase in global clinical trials
is conducive to economic relief, regular follow-up, and
better treatments for some patients with PH in developing
countries and ultimately improving the prognosis.

Children and women in PH clinical trials

Congenital heart disease is a global health issue, especially
in children, and 5-10% of patients with congenital heart
disease develop PAH (23-25), which is an important cause
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of morbidity and mortality in children. Approved targeted
therapies for the treatment of adults with PAH have
been adopted to treat children; however, evidence-based
therapeutic strategies for children are lacking and warrant
further investigation, as children are affected by many
complex factors, including drug dosage, disease tolerance,
and parental concern. The enrollment of children is more
difficult than that of adults (18-25). Comparatively speaking,
more children are enrolled in trials in developed countries
with strong economic strength. However, the population
base in developing countries is larger, and more pediatric
clinical trials in developing countries in the future will also
help advance science.

The representation of women in trials relative to the
overall disease population reportedly varies from disease to
disease, with a higher rate of representation in PH trials (9)
because females have a higher prevalence of PH than males
(6,26). Our findings were generally consistent with previous
publications (9). We observed that the >60 years age group
had a lower PPR than all the other age groups, which might
have several explanations. Firstly, PAH (especially IPAH) is
more common in young women of childbearing age (27,28).
Secondly, young patients have much more awareness of
opportunities to participate in clinical trials (8). The cultural
background, investigators’ communication approach,
and written trial materials are all crucial elements that
could affect patients’ comfort with enrollment (29). For
cardiovascular disease studies worldwide, multi-sponsor
trials were more likely to recruit women (9). Globally, the
PPR of female patients was highest in Group 1 PH, which
is also related to sex skew in this subtype of PH, while that
of patients in Group 3 PH (PH due to lung disease and/or
hypoxia) was the lowest, which might be due to the higher
proportion of smokers among men leading to chronic lung
diseases.

Area of uncertainty

Randomized clinical trials have demonstrated that PAH is
a pathological condition with clinical manifestations not
confined to the lungs. Substantial evidence has documented
that coronary artery disease (CAD) occurs 4 times more
frequently in PH than in the worldwide population
unaffected by this disease, providing a plausible reason to
assert a correlation between these two clinical pathological
entities (30,31). Several non-randomized studies have
observed that many signaling pathways described in PH
also play a crucial role in other diseases in which vascular
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remodeling occurs. For example, both PH and CAD
patients develop sustained inflammation and deranged
smooth muscle cell proliferation/apoptosis. Therefore,
randomized trials aimed at a better understanding between
the manifestation of PH and the development of CAD are
required both in developed and in developing country.

Limitations

There were some limitations in our study that should be
noted. Firstly, our findings were only based on the analyzed
results from clinical trials registered at ClinicalTrials.
gov instead of all clinical trial platforms. However,
ClinicalTrials.gov is a database of privately and publicly
funded clinical studies conducted around the world.
Therefore, our findings are general and representative.
Secondly, the funding sources were clearly different, which
may lead to expanded participation or might be associated
with specific legal requirements for participation. However,
it is very important to focus on both academic and industry-
sponsored studies and provide a detailed description of PH
clinical trials. Thirdly, pediatric studies are well known to be
challenging (irrespective of where patients and investigators
live) and are mostly driven by drug market authorization.
Therefore, bias is created due to the small number of
patients recruited worldwide. Hence, more studies on the
representation of children in PH clinical trials on a larger
scale are warranted in the future.

Conclusions

We found that the participation of developing countries
in global PH clinical trials was low despite the growing
number of trials. There are large gaps between developed
and developing countries in children’s representation,
diversification of clinical trial types, intervention types,
study phases, and sponsor types. Women with PAH were
relatively better represented in trials of Group 1 PH, drug
intervention trials, phase III studies, and industry-sponsored
studies. Importantly, effective strategies to improve the
representation of developing countries in PH clinical trials
are needed.
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