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Abstract 
Background:  Prolongation of overall survival (OS) is commonly evaluated as a primary endpoint in confirmative oncology clinical trials; how-
ever, it is potentially affected by subsequent treatments carried out in practice. To design and implement multi-regional clinical trials properly, 
we compared survival outcomes between Organisation for Economic Co-operation and Development (OECD) and non-OECD countries.
Materials and Methods:  Individual patient data from industry-sponsored multi-regional phase III oncology trials were obtained from the Project 
Data Sphere. Patients of each arm were divided into several subgroups based on race and country where patients were enrolled. We defined the 
member countries of the OECD. Cox regression analysis was conducted to estimate the hazard ratio (HR) for progression-free survival (PFS) and 
OS between the different subgroups in each trial, followed by a meta-analysis to estimate the summary HR and its confidence interval with a 
random-effect model.
Results:  Eleven arms from 10 clinical trials were eligible for the analysis. No statistically significant difference was observed in PFS and OS be-
tween Caucasian and Asian. A prolongation of OS was observed in patients enrolled in the OECD group compared with non-OECD group, while 
no statistically significant difference was observed in PFS.
Conclusion:  The economic status and healthcare environment of countries where patients reside have an impact on the outcome of OS. 
Clinical trial sponsors are recommended to consider carefully how to properly design oncology clinical trials including the selection of countries 
and data management of subsequent treatments.
Key words: clinical trial; drug development; economic status; medical oncology; meta-analysis.

Implications for Practice
The purpose of this study was to evaluate the impact of economic status of countries where patients were enrolled on the outcome of 
oncology clinical trials. The results indicate that overall survival was prolonged in countries where patients had favorable economic status 
while progression-free survival did not show a statistically significant difference. In oncology clinical trials, economic status is considered to 
have an impact on the treatment during post-progression survival. Clinical trial sponsors should consider the economic status of countries 
when planning new clinical trials, and design the way to collect treatment information during the post-progression survival period.

Introduction
In oncology drug development, clinical benefit such as prolonga-
tion of survival is commonly evaluated as the primary endpoint 
in confirmative clinical trials. Overall survival (OS), which is con-
sidered the most reliable endpoint in oncology drug trials, is de-
fined as the time from randomization until death from any cause. 
Subsequent treatments during the period of post-progression sur-
vival (PPS) are often carried out in practice; in fact, Imai et al1 
reported that PPS was strongly associated with OS after early-
line treatment. OS has several advantages including being precise, 
easy to measure and with no bias, but at the same time, it needs 
longer follow-up periods and may be affected by subsequent 
cancer therapies after completion of the test/control treatment.

A recent example is the JAVELIN Lung 200 study, a 
multicenter, open-label, randomized, phase III trial conducted 
in 31 countries to compare avelumab with docetaxel in patients 

with platinum-treated advanced non–small cell lung cancer, 
where it was reported that the benefit of OS was not demon-
strated.2 The median OS of docetaxel in this trial was longer 
than that seen in other trials of immune checkpoint inhibitors 
(ICIs).3-5 Post hoc analyses of this trial revealed that patients who 
received a subsequent ICI treatment tended to survive longer 
than those who did not, in both experimental and comparator 
treatment arms,6 and that the proportion of patients receiving 
subsequent ICIs increased year after year especially in the con-
trol arm, reflecting the increased availability of ICIs in different 
countries. Another example is the AVAGAST study,7 which was 
a randomized, double-blind, phase III trial to evaluate the effi-
cacy of adding bevacizumab to capecitabine plus cisplatin in the 
first-line treatment of patients with advanced gastric cancer. This 
study revealed that patients enrolled in the Asian region showed 
longer OS than those enrolled in Europe, South America, and 
the US. The prolongation of OS in patients enrolled in control 
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arms, especially in Asia, was also reported in several other 
trials.8-10 These reports pointed out the high proportion of post-
progression treatment in specific regions.

In recent years, many new oncology drugs are actively 
being developed worldwide. The proportion of multi-regional 
clinical trials (MRCTs), which are one of the most effective 
approaches in the global development of new pharmaceutical 
products, has been increasing over the past decade.11 Over 
80% of oncology phase III trials that were initiated by the top 
10 pharmaceutical companies between 2008 and 2017 were 
MRCTs.11 The International Council for Harmonisation of 
Technical Requirements for Pharmaceuticals for Human Use 
(ICH) E5 guideline12 in 1998 defined “ethnic factors” as those 
factors relating to genetic and physiologic (intrinsic) and cul-
tural and environmental (extrinsic) characteristics of a popu-
lation, that may impact the efficacy and/or safety of a drug. 
Medical practice and socio-economic status are examples of 
extrinsic ethnic factors. The ICH E17 guideline13 published in 
2017 also emphasizes the importance of considering the dif-
ferences among regions during the planning phase of MRCTs.

In regards to socio-economic status, Vrdoljak et al14 reported 
that cancer mortality is correlated with the expenditures on on-
cology drugs in real-world settings. In Europe, there was a large 
difference in expenditure on oncology drugs between Western 
Europe and Central and Eastern Europe, which led to disparity 
in the mortality-to-incidence (M/I) ratio. While the M/I ratio 
was affected by several factors, such as prevention, diagnosis, 
surgery, and radiation, one of the most important reasons that 
caused the disparity was better access to new, innovative, often 
expensive but effective oncology drugs in Western Europe.

The objective of the present analysis was to examine how 
the economic status of countries had an impact on the sur-
vival outcome of clinical trials of oncology drugs. As it is 
expected that more MRCTs will be conducted in pursuit 
of new oncology drugs, it is important to understand how 
socioeconomic factors and the healthcare environment affect 
the clinical endpoints in different regions/countries to make 
MRCTs more efficient and effective.

Materials and Methods
Data Sources
We obtained patient-level raw data of clinical trials from Project 
Data Sphere (PDS),15 a non-profit organization that allows re-
gistered researchers to access and analyze de-identified patient-
level data from clinical trials in oncology. Eligible trials meeting 
the following criteria were identified and selected: (1) trials with 
an independent dataset in the database; (2) industry-sponsored 
trials; (3) multi-regional trials; (4) phase III trials; and (5) trials 
with information on race, country where a patient was enrolled, 
progression-free survival (PFS) and OS was available.

Data Collection
The following information was identified for the selected trials: 
PDS UID, ClinicalTrials.gov identifier, sponsor, tumor type, arm 
(experimental/comparator), number of patients, and treatment 
drug(s). For each of the patients in the trials, the following data 
were collected from the dataset (where available): race, age at 
diagnosis, gender, an Eastern Cooperative Oncology Group 
(ECOG) or the World Health Organisation (WHO) performance 
status at diagnosis, the country where the patient was enrolled, 
PFS, and OS. The start year of the trial, primary endpoint(s), 
stage of cancer, and treatment line were investigated based on 
the information on the year first posted, outcome measures, and 

criteria in the ClinicalTrials.gov, respectively. Because the cat-
egorization of the race was different among sponsors, we defined 
Caucasian and White as “Caucasian,” Black, Black African, and 
African American as “Black,” Asian, east Asian and west Asian 
as “Asian” and all other categories and missing information as 
“Others.” PFS was defined as the time from randomization until 
objective tumor progression or death, whichever occurred first. 
OS was defined as the time from randomization until death 
from any cause. If PFS and/or OS data were not included in the 
dataset, we calculated them using the date of randomization, 
disease progression, and death.

Definition of Analytical Groups
To evaluate the impact of the healthcare environment on 
the survival outcomes of oncology drugs, subjects in each 
arm (comparator arm and experimental arm) were divided 
into several subgroups based on race and countries where 
they were enrolled. For race, we classified the subjects into 
4 groups: Caucasian, Asian, Black, and Others. Because the 
number of subjects of Black and Others was limited, we used 
Caucasian and Asian for the analysis. In regards to the country, 
we referenced to the Organisation for Economic Co-operation 
and Development (OECD),16 an international organization 
working to build better policies for better lives. We divided 
the patients into 2 subgroups based on the country where they 
were enrolled: the OECD group and the non-OECD group. 
We referred to the OECD membership status as of 2006.

Statistical Analysis
Cox regression analysis was conducted to estimate the hazard 
ratio (HR) and its confidence interval (95% CI) for PFS and 
OS between Caucasian and Asian, and between OECD and 
non-OECD groups. We conducted a meta-analysis to estimate 
the summary HR with a random effect model. Heterogeneity 
between trials was evaluated using the I2 statistic. All the 
analysis was conducted using the R package metafor (R 
Foundation for Statistical Computing, Vienna, Austria).

Results
Ten clinical trials met the eligible criteria, as shown in Fig. 
1. For one of the trials, the data from both the comparator 
and the experimental arms were available, but for the other 
9 trials, the data of the comparator arm were only available. 
Thus, we used data of these 11 arms for the analysis. Table 1 
shows the list of trials used in the present study. The countries 
where patients were enrolled, their OECD membership status 

Figure 1. Flow diagram for trial selection in the Project Data Sphere 
platform. Abbreviations: OS, overall survival; PFS, progression-free 
survival.
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and the number of patients enrolled from each country are 
shown in Table 2. The characteristics of subgroups are shown 
in Table 3. Among 4437 patients in total, 2873 patients were 
enrolled in the OECD group.

Comparison of PFS and OS Between Caucasian 
and Asian
We calculated the HR for PFS and OS between Caucasian 
and Asian for each of the clinical trial data based on Cox re-
gression analysis and estimated the summary HR. The mean 
HR for the race, comparing Caucasian with Asian, was 0.90 
(95% confidence interval [CI]: 0.77-1.05) for PFS and 0.93 
(95% CI: 0.80-1.07) for OS (Fig. 2).

Comparison of PFS and OS Between OECD and 
Non-OECD Groups
We calculated the HR for PFS and OS between patients en-
rolled in the OECD group and those in the non-OECD group 
in each of the clinical trial data and estimated the summary 
HR. The mean HR, comparing patients in the OECD group 
with those in the non-OECD group, was 0.95 (95% CI: 0.84-
1.07) for PFS and 0.84 (95% CI: 0.75-0.95) for OS (Fig. 3).

Discussion
Our study demonstrated that patients enrolled in the OECD 
group showed better OS than those in the non-OECD group. 
Treatment drugs in each trial arm with the exception of one 
experimental arm were among standard medications for the 
targeted cancers, which drug effects are generally not con-
sidered to be impacted by intrinsic factors described in the 
ICH-E5 guideline (eg, genetic factors, age, gender). This 
was supported by the result that there was no statistically 
significant difference in the HRs for PFS and OS between 
Caucasian and Asian. Therefore, the difference in HR for OS 
between patients enrolled in OECD and non-OECD groups 
could be attributed to the influence of extrinsic factors (eg, 
socioeconomic factors, medical practice).

Inequalities in access to novel innovative drugs exist among 
countries. Global oncology trend report published from the 
IMS institute17 reported that of 49 new oncology substances, 
which were initially launched between 2010 and 2014 in 21 
selected countries, the average number of substances available 
was 25.5 in the OECD group and 10.1 in the non-OECD 
group as of 2015. A disparity in costs of cancer treatment 
was also found. The “Comparator report on cancer in 
Europe 2019”18 published by the Swedish Institute for Health 
Economics, revealed that both the average cost for cancer 
care including non-drug cost (ie, medical equipment, surgery, 
radiation, and rehabilitation) and cancer drug sales per capita 
from 1995 to 2018 in the EU, were always higher in OECD 
group than in a non-OECD group. In addition, according to 
WHO Global Health Expenditure Datbase,19 average life ex-
pectancy at birth in OECD and non-OECD groups was 79.7 
and 73.9 years old in 2010. The OECD group also spent 
more on healthcare per capita than the non-OECD group 
from 2000 to 2018 while paying a lower percentage of out-
of-pocket costs. These reports indicated that the OECD group 
had a favorable healthcare environment and availability for 
innovative medicines compared with the non-OECD group.

There is a wide difference in the healthcare environment 
among countries, including opportunities for medical checkup, 
diagnosis, surgical techniques, supportive care, management of 

Table 2. OECD membership status of countries and number of enrolled 
patients.

Country OECD membership 
status(as of 2006) 

Number of patients 
(total of 11 arms) 

Argentina N 28

Australia Y 234

Austria Y 43

Belgium Y 163

Brazil N 161

Canada Y 189

Chile N 5

China N 151

Colombia N 2

Croatia N 4

Czech Republic Y 110

Denmark Y 27

Egypt N 15

Finland Y 30

France Y 212

Germany Y 224

Greece Y 25

Hungary Y 154

India N 189

Ireland Y 9

Israel N 21

Italy Y 111

Japan Y 95

Korea, Repub-
lic of

Y 113

Latvia N 12

Lebanon N 14

Malta N 8

Mexico Y 10

Netherlands Y 72

New zealand Y 8

Norway Y 7

Peru N 39

Philippines N 17

Poland Y 143

Portugal Y 30

Romania N 105

Russia N 355

Serbia N 34

Singapore N 3

Slovakia Y 23

South Africa N 77

Spain Y 239

Sweden Y 37

Switzerland Y 4

Taiwan N 67

Thailand N 16

Turkey Y 26

Ukraine N 188

United Kingdom Y 156

US Y 420

Vietnam N 12

OECD, the Organisation for Economic Co-operation and Development.
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adverse events, and non-cancer deaths, which may affect both 
PFS and OS. Some of the factors that affected PFS are also 
expected to affect OS. No statistically significant difference in 
PFS between OECD and non-OECD groups was shown, sug-
gesting that similar treatment effects would be expected under 
protocol-based management with strictly defined laboratory 
tests with defined frequencies. On the other hand, subsequent 
treatment after progression is generally performed in practice 
and cannot be managed by protocol. There is a high possibility 
that patients in OECD countries can access other treatments 
after disease progression and receive later treatments, as all the 
trials in our study were for first-line treatment. The results of 
our study indicated that the subsequent treatments during the 
PPS period carried out in practice, or in other words, the dif-
ference in accessibility to healthcare resources had an impact 
on the prolongation of OS.

The present study has several limitations to be mentioned. 
First, because it was a retrospective analysis, we did not in-
vestigate all intrinsic factors, and we only took into consider-
ation the common data that could be collected from different 
types of cancers. In addition, these trials started between 
2006 and 2010, and thus, genetic information, which may 
affect prognosis, was not included in the inclusion/exclusion 
criteria. Second, this study included all trials that met the 
criteria regardless of cancer type to collect as many trials as 
possible, and therefore, the type and number of subsequent 
treatments were different among cancers. We could not con-
firm directly whether each patient had post-progression 

treatments. Third, there is a possibility that the economic 
status and accessibility of drugs are not the same even among 
the OECD group.

The unique and strong point of the present study was that 
patient-level data were used in the analysis. There are sev-
eral open-access data-sharing platforms, and sponsors can 
choose what data to publish and where. In the present study, 
we chose PDS, which specializes in oncology late-phase trials. 
Because data on products under development are difficult to 
be published, data on old trials would be mainly published, 
while publication bias due to positive or negative results of 
clinical trials is unlikely to occur. We divided the subjects into 
2 groups based on the country where they were enrolled using 
individual patient data. This enabled us to focus our analysis 
on the socio-economic status of each country regardless of 
race/region. We also examined trials sponsored by different 
companies and explored common issues among them.

Based on the results of our study, we consider that the in-
formation about treatment provided after disease progres-
sion, the healthcare environment, and the type and number 
of drugs being developed and/or approved in each country 
is essential for the proper evaluation of OS. Including these 
factors in the stratification factors and capping the number 
of patients per region/country are options when sponsors 
think these factors affect the results of the trial. Clinical 
trial sponsors should consider carefully how to properly 
design oncology clinical trials including the selection of 
countries and data management of subsequent treatments.

Table 3. Baseline characteristics of study participants.

Race OECD/non-OECD

  Overall Caucasian Asian OECD group Non-OECD group

Average number of subjects in each study, total [min-max]         

403 [182-690] 314 [157-644] 62.9 [2-142] 261 [88-484] 142 [67-213]

Race

Caucasian 314 [157-644] - - 228 [63-474] 86.5 [8-190]

Black 8.73 [0-22] - - 4.82 [0-12] 3.91 [0-14]

Asian 62.9 [2-142] - - 18.7 [2-72] 44.2 [0-133]

Other 17.1 [5-44] - - 9.64 [1-43] 7.64 [0-40]

Median proportion in each study [25%-75% percentile]

Age, years

18-64 60.4 [45.3-68.2] 64.4 [46.8-68.8] 65.6 [25.7-79.0] 56.4 [37.8-68.2] 72.8 [39.0-78.8]

65-74 29.6 [25.1-38.6] 29.5 [24.2-35.9] 27.0 [18.4-45.4] 32.4 [28.6-41.7] 23.8 [18.4-41.4]

75 - 8.01 [4.41-15.0] 7.64 [3.46-15.1] 1.35 [0-16.8] 10.2 [3.85-20.9] 4.26 [1.27-16.9]

Sexa

Male 60.0 [59.6-78.1] 59.9 [48.4-71.5] 64.9 [23.2-75.4] 67.0 [60.8-75.4] 63.9 [56.1-85.4]

Female 40.0 [21.9-40.4] 40.1 [28.5-51.6] 35.1 [24.6-76.8] 33.0 [24.6-39.2] 36.1 [14.6-43.9]

ECOG/WHO Performance Statusb

Unknown 0 [0-0.18] 0 [0-0] 0 [0-0] 0 [0-0.24] 0 [0-0]

0 52.6 [32.8-48.8] 53.4 [33.9-62.5] 57.5 [19.0-74.7] 53.3 [39.3-64.5] 38.3 [24.9-64.2]

1 47.4 [37.1-75.7] 45.1 [37.0-57.1] 10.6 [10.1-11.0] 45.3 [35.1-56.0] 61.7 [35.3-65.3]

2 0 [0-0.55] 0 [0-0.16] 0 [0-0] 0 [0-0.47] 0 [0-0]

3 0 [0-0] 0 [0-0] 0 [0-0] 0 [0-0] 0 [0-0]

aProstat_AstraZe_2008_103, Prostat_AstraZe_2008_104, Prostat_AstraZe_2009_144, and Breast_EliLill_2008_168 were excluded because these trials 
included only male or female.
bLungNo_EliLill_2006_116 and HeadNe_EliLill_2006_150 were excluded because these trials collected performance status 0 and 1 as a same category.
Abbreviations: ECOG, an Eastern Cooperative Oncology Group; OECD, the Organisation for Economic Co-operation and Development; WHO, the World 
Health Organisation.
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Conclusion
The present study illustrated that economic status had an 
impact on the outcome of OS in oncology clinical trials by 
re-analyzing individual patient data in past clinical trials. 
Prolongation of OS was observed in OECD membership 
countries. Clinical trial sponsors should consider carefully 
how to properly design oncology clinical trials including the 
selection of countries and data management of subsequent 
treatments.
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