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ABSTRACT

Objective Unbiased assessment of tumour response

is crucial in randomised controlled trials (RCTS).

Blinded independent central review is usually used as a
supplemental or monitor to local assessment but is costly.
The aim of this study is to investigate whether systematic
bias existed in RCTs by comparing the treatment effects of
efficacy endpoints between central and local assessments.
Design Literature review, pooling analysis and correlation
analysis.

Data sources PubMed, from 1 January 2010 to 30 June
2017.

Eligibility criteria for selecting studies Eligible

articles are phase Il RCTs comparing anticancer agents
for advanced solid tumours. Additionally, the articles
should report objective response rate (ORR), disease
control rate (DCR), progression-free survival (PFS) or

time to progression (TTP); the treatment effect of these
endpoints, OR or HR, should be based on central and local
assessments.

Results Of 76 included trials involving 45688 patients,

17 (22%) trials reported their endpoints with statistically
inconsistent inferences (p value lower/higher than the
probability of type | error) between central and local
assessments; among them, 9 (53%) trials had statistically
significant inference based on central assessment. Pooling
analysis presented no systematic bias when comparing
treatment effects of both assessments (ORR: OR=1.02
(95% Cl 0.97 to 1.07), p=0.42, 1>=0%; DCR: OR=0.97
(95% Cl 0.92 to 1.03), p=0.32, 1>=0%); PFS: HR=1.01
(95% C1 0.99 to 1.02), p=0.32, 1>=0%; TTP: HR=1.04 (95%
C1 0.95 to 1.14), p=0.37, I>=0%), regardless of funding
source, mask, region, tumour type, study design, number
of enrolled patients, response assessment criteria, primary
endpoint and trials with statistically consistent/inconsistent
inferences. Correlation analysis also presented no sign of
systematic bias between central and local assessments
(ORR, DCR, PFS: r>0.90, p<0.01; TTP: r=0.90, p=0.29).

Strengths and limitations of this study

» To our knowledge, this is the largest literature re-
view and pooling analysis comparing treatment ef-
fects between blinded independent central review
and local assessment in phase Ill randomised con-
trolled trials on solid tumours.

» We performed an exhaustive literature search to
include all potential studies fulfilling the inclusion
criteria.

» We carefully extracted the data based on the inde-
pendent and double-blind principle, in order to guar-
antee the accuracy of the data applied for further
analysis.

» Compared with our study-level analysis, the analysis
using individual patients’ data could be more robust.

» For using trial data of both blinded independent cen-
tral review and local assessment, the findings and
conclusion of this research may not be generalisable
for all phase lll oncological randomised controlled
trials, because the situation of either assessment
could be unknown when trials did not implement or
report both central and local assessments.

Conclusions No systematic bias could be found between
local and central assessments in phase Ill RCTs on solid
tumours. However, statistically inconsistent inferences
could be made in many trials between both assessments.

INTRODUCTION

In phase III randomised controlled trials
(RCTs), response-related or progression-re-
lated endpoints like objective response
rate (ORR), disease control rate (DCR),
progression-free survival (PFS) and time to
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progression (TTP) are key for reflecting treatment effects
of the experimental arm and the control arm for patients
with advanced solid tumour.'™ During trials, determina-
tion of tumour response should be assessed with accuracy,
which is the prerequisite of implementation with stan-
dardised response assessment criteria (eg, Response Eval-
uation Criteria in Solid Tumors (RECIST) and WHO) as
well.

Unlike overall survival, these endpoints assessed by local
investigators are more influenced by subjective factors,
including variability during tumour measurement,
target lesion selection, failure to diagnose new lesions
and different interpretations of non-target or immeasur-
able lesions." In open-label trials, the knowledge of inves-
tigators regarding treatment assignment could influence
their assessment. Even in some double-blind trials, the
investigators’ knowledge may not be completely elimi-
nated due to the adverse effects; for example, the investi-
gators might be able to tell which treatments are assigned
for their patients according to the different manifesta-
tions of treatments' adverse effects.”

Treatment effect is one of the main results considered
for drug approval. If aforementioned subjective factors
impact the assessment for trial endpoints, the subse-
quent result will overestimate or underestimate the true
effect of treatments, which is called systematic bias.’ In
order to detect potential bias from local investigators,
blinded independent central review is requested by the
regulatory authorities (eg, the US Food and Drug Admin-
istration (FDA)). During its implementation, all imaging
examinations are reviewed by independent radiologists
who are blinded to patients’ treatment assignments and
clinical information.” However, this mechanism has some
drawbacks. It increases the burden of time and expen-
diture on trials. Additionally, it may introduce missing
data, information censoring and the neglect of symptom-
atic progression. These factors could result in different
discrepancy rates of central and local assessments and
sometimes among central reviewers themselves, which
impacts treatment effects and may even cause potential
bias.*”®

Given the pros and cons of assessment by central
reviewers, the FDA Oncology Drugs Advisory Committee
discussed how to design a reliable assessment strategy
for clinical trials with central review: if there is no
strong evidence indicating systematic bias from two
assessments, a sample-based central review could be
considered in future usage instead of the complete
assessment for all patients in the trials.” This strategy
may effectively reduce the complexity and implemen-
tation burden, without compromising the reliability of
the RCTs.”

Accordingly, in order to understand the reliability of
local assessment, as well as the necessity of central review,
we conducted this literature review and analyses in order
to investigate whether systematic bias existed in previous
phase III RCTs on solid tumours.

METHOD

Search strategy and study selection

In accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) State-
ment,'’ a PubMed search was conducted by JRZ using
the dates of 1 January 2010 to 30 June 2017. The search
strategy is shown in online supplementary etable 1. Inap-
propriate articles such as reviews, systematic reviews and/
or meta analyses, guidelines and commentaries were
excluded.

Eligible trials were those directly evaluating thera-
peutic efficacy of anticancer agents in phase III RCTs for
patients with advanced solid tumour; additionally, the
imaging assessment for tumour response or progression
was conducted by both central reviewers and local investi-
gators. As some authors reported their data in more than
one article, we used the name and/or National Clinical
Trial (NCT) number of eligible RCTs as search terms to
re-search PubMed (without the time interval limitation),
to find out if there were more available articles on those
RCTs. Endnote X7 (Thomson Reuters, New York City,
New York, USA) was used in the above process.

Data extraction

The process of data extraction was carried out inde-
pendently and double-blindly by three reviewers (JRZ
with YYZ and SYT; in blocks of 50 articles allocated at
random; discrepancies were resolved by WHL). To ensure
consistency between reviewers, we used the same data
extraction form, piloted the data extraction by using a
sample of 16 included trials and had discussions before
and during the extraction process to confer how to prop-
erly extract and interpret the data.

The following characteristics of each trial were
extracted: author, year, NCT number, funding source
(pharmaceutical or academic), mask (open label, single
blind or double blind), region (global or intraconti-
nental), tumour type (eg, breast cancer, ovarian cancer,
melanoma), study design (superiority, non-inferiority
or hybrid; hybrid design includes the design of superi-
ority and non-inferiority), number of enrolled patients,
response assessment criteria (RECIST or WHO), primary
endpoint (central assessed, local assessed or other)
and the statistical inference of the primary endpoint
according to whether the p value was lower than the
probability of the type I error (positive, negative or inde-
terminate). We also extracted estimated treatment effects
from both central and local assessments, including the
OR of experimental arm ORR to control arm ORR, OR
of experimental arm DCR to control arm DCR, HR of
experimental arm PFS to control arm PFS, and HR of
experimental arm TTP to control arm TTP. Regarding
overlapped data from more than one article on one
trial, we selected data based on primarily larger analysis
or recently updated analysis. For PFS and TTP, if both
intention to treat (or other methods with a larger popu-
lation) and per-protocol population were available for
trials’ treatment effects, we preferred the former in our
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research. According to characteristics, the risk of bias was
evaluated in each trial (online supplementary efigure 1).

Statistical analysis

First, we investigated whether there were trials with statis-
tically inconsistent inferences between two assessments in
primary and secondary endpoints (including ORR, PFS
and TTP). If these trials could be identified, we calculated
the percentage of these trials among all our eligible trials.
Statistically inconsistent inferences are defined as the
treatment effect from one of the assessments (eg, central
assessment) indicating significant difference (p value is
lower than the probability of the type I error or the confi-
dence interval of the treatment effect does not cross 1),
but the treatment effect from another assessment (eg,
local assessment) indicating non-significant difference (p
value is higher than the probability of the type I error, or
the confidence interval of the treatment effect crosses 1).

Furthermore, to statistically investigate whether
systematic bias existed, we made a comparison of treat-
ment effects between central and local assessments, by
conducting a pooling analysis with the inverse variance
method and fixed-effect model in Review Manager 5.3
(The Cochrane Collaboration, London, England). In
this process, if the corresponding p value for heteroge-
neity was less than 0.05 or the I? index was over 50%, we
used a random-effect model instead of the fixed-effect
model in order to reduce the effect of heterogeneity. The
pooled OR and HR were the measure of this comparison,
expressed as the ratio of central-assessed treatment effects
(eg, OR of ORR, OR of DCR, HR of PFS, HR of TTP)
to local-assessed treatment effects.! The OR (of ORR or
DCR) greater than 1 indicated that central review over-
estimated the efficacy of the therapeutic strategy in the
experimental arm; while a HR (of PFS or TTP) greater
than 1 indicated that central review underestimated the
therapeutic efficacy of the experimental arm (compared
with local assessment). Regardless of whether the ratio
was higher or lower than 1, we concluded no sign of a
significant systematic bias if: (1) the corresponding p
value was higher than 0.05, which means the 95% CI
of the pooled ratio (HR, OR) crossed 1; (2) the 95%
CI of the pooled ratio was extremely tight (<5%) if the
first consideration was not met. For the above summary
synthesis of ORR, DCR, PFS and TTP, a funnel plot was
used to estimate publication bias (online supplementary
efigure 2). Furthermore, we conducted subgroup analysis
based on the trial characteristics: funding source, mask,
region, trial design, number of enrolled patients (based
on median value of all included trials), tumour type,
response assessment criteria, primary endpoint and its
outcome, as well as statistical inferences between central
and local assessments (consistent/inconsistent).

In order to verify the result of the pooling analysis, we
conducted correlation analysis for the treatment effects
between central and local assessments, by using SPSS V.23
(SPSS, Chicago, Illinois, USA). The test for normality was
completed first, followed by correlation analysis with a

bivariate model: if normal distribution was indicated, we
estimated the correlation by the Pearson correlation coef-
ficient; if not, the Spearman’s correlation was applied.
Significant correlation was indicated when the p value was
less than 0.05. The correlation between two assessments
was also demonstrated in scatterplots, constructed by
using Excel 2011 (Microsoft, Seattle, Washington, USA).

Patient and public involvement
Due to the nature of the literature review, we do not have
patient and public involvement in this research.

RESULTS

Trial searching and characteristics

Based on article identification and selection (figure 1),
we included a total of 76 trials from 100 articles, involving
45688 randomly assigned patients.'*" !

Summary and detailed characteristics are presented in
table 1 and in online supplementary etable 2. A majority
of the 100 articles were published in high-impact jour-
nals: Journal of Clinical Oncology (29), Lancet Oncology (24),
New England Journal of Medicine (18), Lancet (10), European
Journal of Cancer (4), Gynecologic Oncology (4), Annals of
Oncology (3), Oncologist (3) and so on. In all 76 included
trials, 15 trials'®17206273031 41 486467689097101 105109110y ey
both  central-assessed and  local-assessed  treat-
ment effects of ORR and DCR; among them, 14
trials! 317202730 3141646768 9097 101105109110 o 4 1 ce of ORR,
DCRand PFS,includingone trial®with those of ORR, DCR,
PFS and TTP. Another 12 trials!® 2829333751 5765 7984859192 103
with both central and local assessments only contained
treatment effects of ORR and PFS.

Statistical analysis

Statistically inconsistent inferences of central and local
assessments

From a total of 76 included trials, 17 trials (22%)
had statistically inconsistent inferences  (signifi-
cant difference/non-significant difference) of ORR,
PFS and/or TTP between central and local assess-
ments, 7 29 33 48 5766 68 69 79 87 97 105 110 Among these 17 trials,
2 trials® ** had inconsistent inferences in both of the
primary endpoint and secondary endpoint simultane-
ously. In total, there were 9 of 17 trials (53%) with signif-
icant difference based on central assessment; 5 (56%) of
these 9 trials were on open-label design (table 2).

Systematic bias between central and local assessments

All comparison results of pooling analysis are presented
at table 3. There was no significant difference in the treat-
ment effects of ORR between central and local assessments
(OR: 1.02 (95% CI 0.97 to 1.07), p=0.42; heterogeneity:
p=0.91, 12=O%; online supplementary efigure 3). Simi-
larly, no sign of significant difference was in DCR (OR:
0.97 (95% CI 0.92 to 1.03), p=0.32; heterogeneity: p=0.93,
I’=0%; online supplementary efigure 4), PFS (HR: 1.01
(95% CI 0.99 to 1.02), p=0.32; heterogeneity: p=1.00,
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2835 records identified through searching PubMed

0 duplicate records removed

2724 full-text articles excluded

30 phase I11 trial

< 16 records excluded based on inappropriate publication types

146 irrelevant to cancer disease

A4

2819 full-text articles assessed for eligibility

404 hematological neoplasm
948 not focusing on therapeutic efficacy
90 study protocol

6 other types of studies

A 4

95 of articles with both assessments

345 not anti-cancer agents on unresectable/advanced Tumors
156 further analysis of phase III trial regarding efficacy
88 without ORR, DCR, PFS or TTP

11 endpoint measured not by imaging only

5 additional articles found in PubMed based on above 95 articles’

trial names or NCT numbers

499 endpoint assessed not by both the central and local

1 without sufficient data of treatment effects between arms

100 eligible articles

A4

76 RCTs included into quantitative synthesis

Figure 1 Flow chart of study identification and selection. DCR, disease control rate; NCT, National Clinical Trial; ORR,
objective response rate; PFS, progression-free survival; RCT, randomised controlled trial; TTP, time to progression.

°=0%; online supplementary efigure 5) and TTP (HR:
1.04 (95% C10.95 to 1.14), p=0.37; heterogeneity: p=0.59,
°=0%; online supplementary efigure 6). Subgroup anal-
ysis also presented no significant difference between
central and local assessments, and no significant inter-
action effect between different elements of subgroup
factors, including open label or blind design (table 3).
The strength of the correlation between central and
local assessments regarding treatment effect of ORR,
DCR, PFS and TTP was 0.91 (p<0.01), 0.93 (p<0.01), 0.94
(p<0.01) and 0.90 (p=0.29), respectively (figure 2).

DISCUSSION

To our knowledge, this is the largest literature review with
data analyses investigating blinded independent central
review and local assessment in phase III RCTs on solid
tumours. Also, it is the first research article to report the
statistically inconsistent inferences (significant difference
or not) of primary and secondary endpoints assessed by
central reviewers and local investigators. We found 22%
of trials (17/76) with inconsistent inferences between
central and local assessments. However, our subsequent
pooling analysis and correlation analysis based on all 76
trials confirmed no sign of systematic bias between central
and local assessments, regardless of funding source, mask,

region, tumour type, study design, number of enrolled
patients, response assessment criteria, primary endpoint
and outcome, as well as trials with statistically consistent/
inconsistent inferences.

Blinded independent central review is used to detect
potential bias introduced by the assessment of local
investigators. This consideration is based on a common
assumption that local investigators might expect superior
efficacy of experimental arm treatments compared with
control arm treatments, especially in trials with open-label
design. Interestingly, among the 17 trials with statistically
inconsistent inferences between central and local assess-
ments, more than half of those 17 studies (9/17; 53%)
had a statistically significant difference in central assess-
ment; in these 9 trials, 5 (56%) trials were based on open-
label design. This means that central assessment seems to
have more positive outcomes in favour of experimental
treatments in an open-label design, which contradicts the
above common assumption.

With respect to statistically inconsistent inferences
between central and local assessments, we assume evalu-
ation variability is one factor accounting for these. As we
understand, variability could be impacted by many subjec-
tive factors, causing measurement errors or uncertainty.
This situation occurs when one scan reviewer assesses the
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Characteristics Trial(s) (n=76) Patients (n=45688)

Pharmaceutical 73 43557

Mask

Single blind

-
-
[o0)
()]

Region

Intracontinental 14 5922

Superiority 71 42213

Number of enrolled patients

Median 542

Tumour type

NSCLC 14 9327

Ovarian cancer 6 4536

Othert 23 12298

RECIST 71 42756

Not given 1 545

Central assessedt} 43 26344

Local assessedq| 23 13167

Positive 51 29982

Negative 23 14600

*Four non-inferiority, one hybrid design combing superiority and non-inferiority.

TFour gastrointestinal stromal tumour, three pancreatic tumour, three sarcoma, three medullary thyroid cancer, two glioblastoma, two prostate
cancer, two neuroendocrine tumour, one colorectal adenocarcinoma, one gastric cancer, one head and neck cancer and one hepatocellular
carcinoma.

FForty central-assessed PFS, two central-assessed time to progression and one central-assessed ORR.

§Nine overall survival and one unknown-assessed ORR.

fITwenty-three local-assessed PFS.

**One study used ORR as the primary endpoint, but we were unable to recognise which assessment (central or local assessment) for the
ORR was considered as the primary endpoint (central-assessed ORR or local-assessed ORR?). Because a significant difference was found in
central review (p=0.03) but not found in local assessment (p=0.05), we considered the outcome of the primary endpoint as indeterminate.*®
TtAnother study considered local-assessed PFS and OS as coprimary endpoints: a significant difference was found in PFS (p<0.01), but was
not found in OS (p=0.10). We considered the outcome of the primary endpoint as indeterminate as well.%®

NSCLC, non-small-cell lung cancer; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; RECIST, Response
Evaluation Criteria in Solid Tumors.
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Table 2 Continued

Trial

HR/OR and p value

Therapy (experimental arm vs control arm)

Mask Tumour type

Endpoint

Central: 0.96 (95% CI 0.77 to 1.21);

Exp: Sorafenib+gemcitabine+cisplatin

Non-small-cell lung cancer

Double

NCT00449033%8

p=0.37*
Local: 0.83 (95% CI 0.71 to 0.97);
p<0.01*

Con: Placebo+gemcitabine+cisplatin

Central: 0.91 (95% CI 0.67 to 1.23);

TTP

p=0.26*
Local: 0.73 (95% CI 0.60to 0.88);
p<0.01*

*One side.

TAny single-agent chemotherapy or hormonal or biological treatment approved for the treatment of cancer.

BSC, best supportive care; central, central assessed; Con, control arm; Double, double blind; Exp, experimental arm; Local, local assessed; NG, not given; Open, open label; ORR, objective

response rate; PFS, progression-free survival; Single, single blind; TTP, time to progression.

response status of different individual patients, as well as
when several reviewers conduct the scan assessment for
one trial, regardless of whether this is a central or local
assessment. In this situation, the evaluation variability
attenuates the treatment effect and reduces the statis-
tical power of the clinical trials.®® This understanding has
been verified based on 21 phase III cancer trials, demon-
strating large variability but no sign of systematic bias
between two assessments.' >

Missing data could be another factor. It occurs when
some patients do not have complete follow-up to deter-
mine progression or death, or when patients stop
receiving randomised treatments or use alternative treat-
ments before they have progression.'” In oncological
clinical trials, missing data are regarded as censoring.
Similar to evaluation variability, the effect of censoring
would not contribute to systematic bias but could atten-
uate the treatment effect.'"”

In the trials included in our study, we consider that
evaluation variability, censoring and other unmentioned
factors simultaneously played a role in attenuating the
treatment effects, resulting in statistically inconsistent
inferences between two assessments in 17 of the 76 trials.
Whereas, regardless of what causes statistically incon-
sistent inferences, the robustness of the trial efficacy
outcome needs to be carefully considered when two
assessments present statistically inconsistent inferences,
especially in primary endpoint. Even though this incon-
sistency is unnecessary to reflect a systematic bias, it would
be interesting to know how policy-makers consider the
approval process for corresponding anticancer agents to
the specific patients with cancer.

Considering statistically inconsistent inferences, we
believe that blinded independent central review is still a
useful method for controlling the risk of bias from local
assessment. However, we also question the necessity of
central assessment as a routine assessment method for
all patients (complete-case fashion) in clinical trials.
According to our research, there was no sign of systematic
bias: (1) the 95% CIs of all pooled ratios in ORR, DCR,
PFS and TTP crossed 1, indicating non-significant differ-
ence of the treatment effects between central and local
assessments; (2) the 95% CIs were tight as well (especially
in PFS), representing quite a precise estimate of the bias
that should be negligible. These findings could be further
confirmed by our subgroup analysis, even though a small
number of the intervals are too wide to be informative
due to a limited number of the trials (eg, only one trial
used single blind, the OR of ORR was 1.09 (95% CI 0.61
to 1.95)).

When questioning the necessity of the complete central
assessment, its drawbacks should be considered as well.
First, its implementation in the complete-case fashion
is very costly. Second, technically it is hard to conduct
a real-time central assessment along with local assess-
ment, to determine disease progression independently.
In other words, the decision of central reviewers could
be impacted by local investigators when the local
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Figure 2 Scatterplot for the correlation of treatment effects between central and local assessments. DCR, disease control rate;
ORR, objective response rate; PFS, progression-free survival; TTP, time to progression.

based on study-level strategy. Our subgroup analysis based
on different tumour types verified our assumption.

Furthermore, individual-level data would have been the
best option for our research, but we did not have access
yet. However, we consider that using study-level data
reported in each published article is still a good option
because the aim of our research type is to investigate study-
level issues. Moreover, given that the effect of informative
censoring might exist on the treatment effects of PFS
and TTP, we also included another important endpoint,
ORR, in order to acquire a more exact understanding
about whether the treatment effects of both assessments
are consistent or not. In this circumstance, the effect of
informative censoring could be eliminated because when
assessing ORR, central reviewers and local investigators
worked independently before local investigators declared
progression. Lastly, even though we have done our best
to minimise inconsistency during the process of data
extraction, it is possible that potential errors may have
accrued. Nevertheless, all reviewers have tried to ensure
consistency for data interpretation.

In conclusion, we estimate that there was essentially no
systematic bias between local and central assessments, as
evidenced by our precisely estimated pooled ratios of OR
in ORR and DCR, as well as estimated pooled ratios of
HR in PFS and TTP. Despite this, we found that statis-
tically inconsistent inferences could be made in many
trials depending on whether central or local assessment
was used. Considering these, we think blinded indepen-
dent central review is still an irreplaceable method for
controlling the risk of bias from local assessment, but its
routine usage for all patients may be unnecessary in onco-
logical randomised controlled trials.
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