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ABSTRACT

Background: Recent trials of novel agents in ‘rare’” molecular subtypes of non-small cell lung cancer
(NSCLC) have used single-arm trial designs and benchmarked outcomes against historical controls. We
assessed the consistency of historical control outcomes using docetaxel data from published NSCLC
randomized controlled trials (RCTs).

Material and methods: Advanced NSCLC RCTs including a docetaxel monotherapy arm were
included. Heterogeneity in tumor objective response rates (ORRs), progression-free survival (PFS) and
overall survival (OS), and correlations between outcomes and year of trial commencement
were assessed.

Results: Among 63 trials (N=10,633) conducted between 2000 and 2017, ORR ranged from 0% to
26% (I>=76.1%, Pheterogeneity < -0001). Mean of the median PFS was 3.0 months (range: 1.4-6.4), 3-
month PFS ranged from 25% to 85% (I* = 86.0%, Pheterogeneity < -0001). Mean of the median OS was 9.1
months (range: 4.7-22.9), 9-month OS ranged from 23% to 79% (/> = 83.0%, Pheterogeneity < -0001). Each
later year of trial commencement was associated with 03% (p=.046), 0.5% (p=.11) and 0.9%
(p=.001) improvement in ORR, 3-month PFS and 9-month OS rates, respectively.

Conclusions: There was significant heterogeneity and an improving trend in docetaxel outcomes
across trials conducted over 20 years. Benchmarking biomarker-targeted agents against historical con-
trols may not be a valid approach to replace RCTs. Innovative study designs involving a concurrent
control arm should be considered.

Abbreviations: NSCLC: non-small cell lung cancer; RCTs: randomized controlled trials; ORR: objective
response rate; PFS: progression-free survival; OS: overall survival; Cls: confidence intervals; RECIST:
Response Evaluation Criteria In Solid Tumors; PFS3: 3-month progression-free survival rate; 0S9: 9-
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month overall survival rate

Introduction

Advanced non-small cell lung cancer (NSCLC) is a highly hetero-
geneous disease and is being classified into biologically distinct
‘rare’ subgroups according to molecular biomarkers [1]. Novel
therapies are being developed to target these biomarkers and
prominent examples, such as osimertinib [2] for the EGFR mutant
subtype, have shown strong activity from early phase single-arm
trials. While the value of randomized trials with concurrent con-
trols is widely recognized and traditionally have been required
for drug approval and reimbursement, there have been calls to
remove this requirement for novel targeted therapies when early
phase results are compelling [3-5]. Supportive arguments
include threatened equipoise, fewer patients available for trial
recruitment and delayed access to active therapies.

Tumor objective response rate (ORR) is commonly
selected as the primary efficacy endpoint in single-arm trials
of biomarker-targeted therapies. In the absence of a

concurrent control arm, the ORR results are benchmarked
against published results for standard-of-care therapy, in
many cases chemotherapy, in similar patient groups
(‘historical’ controls). The validity of this approach for tar-
geted therapies has not been adequately evaluated to justify
its use. In order for a historical control to provide a valid
comparison, a minimal requirement is consistent outcomes
across past trials. Differences in treatment outcomes between
trials of the same therapies can be used as a measure of the
potential for selection bias using this approach. To test this
hypothesis, we examined ORR for docetaxel reported in past
randomized controlled trials (RCTs). Docetaxel was chosen
because it has been a commonly recommended second-line
therapy option by international clinical practice guidelines
[6-9] and frequently used as a control treatment in second-
line RCTs in advanced NSCLC conducted over the past two
decades. Furthermore, it has been used as a historical control
benchmark for newer agents in contemporary trials [10-12].
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Material and methods
Search strategy

We searched the MEDLINE and EMBASE databases and hand-
searched conference proceedings to identify eligible RCTs
published between January 2000 and December 2017. RCTs
were eligible if they assessed second- and subsequent-line
therapies in advanced NSCLC, included docetaxel monother-
apy as a treatment arm, and reported ORR (Supplementary
Search Strategy).

Data extraction and analysis

From each trial, we extracted patient demographic character-
istics, patient recruitment period and ORR (defined as com-
plete and partial tumor responses). Using the published
Kaplan—-Meier's curves, we estimated 3-month progression-
free survival (PFS) and 9-month overall survival (OS) rates.
We selected 3-month PFS and 9-month OS rates as outcome
variables as they are clinically relevant time points in this
patient population. We computed the 95% confidence inter-
vals (Cls) using the Exact method. Where it was not possible
to calculate the CI using the normal approximation, exact
binomial Cls were constructed for the proportions. The
inverse-variance weighting used for the meta-analysis was
calculated based on these Cls [13]. We assessed heterogen-
eity in treatment effects across trials using the /* statistic
which quantifies the percentage of variability between esti-
mates beyond sampling error, and tested the null hypothesis
of no difference using the Cochrane Q test. We computed
pooled overall estimates of ORR, 3-month PFS and 9-month
OS rates using the fixed-effects inverse-variance weighted
method. We assessed changes in demographic characteristics
over time using weighted linear regression and examined
variation in treatment outcomes according to patient recruit-
ment period using meta-regression. All analyses were per-
formed using Stata (StataCorp. 2017; Stata Statistical
Software: Release 15, StataCorp LLC, College Station,
TX, USA).

The searches, data extraction and risk of bias assessments
using the Cochrane risk of bias tool [14] were performed
independently by K.S. and J.H.H. Differences were resolved
by consensus.

Results
Trial and patient characteristics

We identified 63 eligible RCTs comprising 10,633 patients
recruited between 1994 and 2016 (Supplementary Figure ST,
Supplementary Reference list). Docetaxel 75mg/m? was
administered on day 1 every three weeks in 53 (84%,
N = 9270) trials originating outside Japan, while docetaxel
60mg/m? was administered on day 1 every three weeks in
10 (16%, N = 1363) trials originating in Japan. Fifty-eight tri-
als reported performance status and 37 trials included
patients with performance status 2. The majority of patients
had good performance status (0 or 1: 92%, 2: 5%) and were
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male (67%). Docetaxel was predominately used in the
second-line setting (68%). RECIST criteria were used to assess
response in 54 (86%) trials while two trials used Southwest
Oncology Group criteria and seven trials used World Health
Organization criteria (Supplementary Table S1). Molecular
subtype was reported in only 10 (16%) trials.

Outcome data

ORR, PFS and OS

ORR ranged from 0% to 26% (* =76.1%, Pheterogeneity < -0001)
and the pooled estimate was 8% (95% Cl 8-9%, Figure 1).
The mean of the median PFS was 3.0 months (range 1.4-6.4)
and the 3-month PFS rate ranged from 26% to 85%
(P =86.0%, Pheterogeneity <0001, Supplementary Figure S2).
The mean of the median OS was 9.1 months (range 4.7-22.9)
and the 9-month OS rate ranged from 23% to 79%
(> =83.0%, Pheterogeneity < -0001, Supplementary Figure S3).

Trend over time

The proportion of females (p=.03) and proportion of
patients with performance status 0 and 1 (p<.0001)
included in trials increased over time (Supplementary Table
S1). We observed a trend for docetaxel outcomes to improve
over time. Each later year of trial commencement was associ-
ated with 0.3% (p=.046), 0.5% (p=.11) and 0.9% (p=.001)
improvements in ORR, 3-month PFS and 9-month OS rates,
respectively  (Figure 2, Supplementary Table S2A,
Supplementary Figure S4). Variations in ORR (R*=16%),
3-month PFS (R*=4%) and 9-month OS (R*=24%) rates
across trials, as explained by year of trial commencement,
were small (Supplementary Table S2A). The association
between year of trial commencement and ORR, 3-month PFS
and 9-month OS rates were not significant after accounting
for other trial demographic variables (Supplementary
Table S2B).

Sensitivity analyses

In sensitivity analyses, when we analyzed trials originating in
Japan separately, we observed qualitatively similar results to
the overall analysis (Figure 1, Supplemental Figure S2 and
Figure S3). When we analyzed only those trials (N = 54, 86%)
that utilized RECIST for tumor response assessment, the ORR
ranged from 0% to 26% (°=78%, Pheterogeneity <-0001).
When we limited our analysis to only those trials of phase 3
design (N = 33, 52%), the ORR ranged from 0% to 20%
(l2 =82%, Pheterogeneity < .0001).

Risk of bias

The risk of bias was low for all 58 published trials, but
unclear for the five unpublished trials.
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Year start  Year stop

Study recruitment recruitment N ORR (95% Cl) Weight (%)
Non-Japanese trials 1
Levy et al 2011 2012 47 0.00 (0.00,0.08) 1.87 =
Janne et al 2009 2010 43 0.00 (0.00,0.08) 1.58 ==
Natale et al 2010 2012 60 0.02 (0.00,0.09) 1.35
Ready et al 2007 2008 52 0.02 (0.00, 0.10)  1.02 -
Gridelli et al 2000 2002 110  0.03(0.01,0.08) 2.06 ]
Reck et al 2008 2011 659  0.03(0.02,0.05) 14.17 <+
Sun et al 2006 2008 104  0.04(0.00,0.08) 1.95 —
Gervais et al 2000 2001 62 0.05 (0.01,0.13)  0.68 ——
Lietal 2006 2008 102  0.05(0.01,0.09) 1.52 —
Ramlau et al 2001 2003 415  0.05(0.03,0.07) 6.00 -
Krzakowski et al 2003 2005 277  0.05(0.03,0.08) 3.75 ba
Cortot et al 2013 2014 55 0.05 (0.01,0.15)  0.55 —OI—
Shepherd et al 1994 1998 55 0.05 (0.01,0.15)  0.55 —_——
Chen et al 2002 2004 33 0.06 (0.01,0.20) 0.28 R —
Fossella et al 1995 1998 124 0.06 (0.02,0.11)  1.43 —
Kim et al 2005 2010 166  0.07 (0.03,0.10) 1.86 ——
Auliac et al 2011 2013 74 0.07 (0.01,0.12)  0.82 —
Shaw et al 2010 2012 72 0.07 (0.01,0.13)  0.77 ——
Lee et al 2005 2006 79 0.08 (0.02,0.13) 0.78 —
Kim et al 2004 2006 710  0.08 (0.06,0.10)  7.01 -~
Jones et al 2000 2005 38 0.08 (0.02,0.21)  0.27 —_—
Belvedere et al 2005 2008 25 0.08 (0.01,0.26) 0.17 &
Quoix et al 1998 1999 94 0.09 (0.03,0.14) 0.84 —_——
Hanna et al 2001 2002 288  0.09 (0.05,0.12) 2.52 ——
Brahmer et al 2012 2013 137  0.09 (0.04,0.13) 1.19 —_——
Ramlau et al 2007 2010 457  0.09 (0.06,0.12)  3.88 -
Camps et al 2000 2003 129  0.09 (0.04,0.14) 1.06 —_——
Herbst et al 2013 2015 343  0.09(0.06,0.12) 2.81 -—
Herbst et al 2006 2008 697  0.10(0.08,0.12) 5.29 ro—
Vergnenegre et al 2006 2008 75 0.11 (0.04,0.18)  0.55 —_—
Spigel et al 2013 2017 300 0.11(0.07,0.15) 2.13 ——
Blumenschein et al 2011 2012 43 0.12(0.02,0.21)  0.29 —_——
Lai et al 25 0.12(0.03,0.31) 0.13 —&
Paz-Ares et al 2002 2004 422 0.12 (0.09, 0.15)  2.76 | ——
Heymach et al 2003 2004 41 0.12(0.02,0.22) 0.27 —_—
Bergqvist et al 2011 2013 41 0.12(0.02,0.22) 0.27 —_—
Borghaei et al 2012 2013 290 0.12 (0.09, 0.16) 1.85 I—O—
Schhuette et al 2000 2003 103 0.13 (0.06, 0.19) 0.65 I—‘—
Hanna et al 2011 2013 68 0.13(0.05,0.21)  0.41 —_
Ramalingam et al 2011 2013 128 0.13(0.07,0.19)  0.77 —_——
Rittmeyer et al 2014 2015 425 0.13(0.10,0.17) 2.54 I ——
Janne et al 2013 2016 256  0.14(0.09,0.18)  1.51 I ——
Cufer et al 2003 2004 73 0.14 (0.06,0.22)  0.43 —_—
Pectasides et al 65 0.14 (0.05,0.22)  0.38 —_—
Soria et al 2012 2015 43 0.14 (0.04,0.24) 0.25 —_——
Garon et al 2010 2013 625 0.14(0.11,0.17) 3.59 I ——
Heist et al 2008 2011 55 0.15(0.05,0.24)  0.31 —_—t——
Fahrenbacher et al 2013 2014 143 0.15(0.09, 0.20) 0.79 | ——
Manegold et al 1999 2001 34 0.15(0.03,0.27) 0.19 —_———
Wen et al 2007 2010 60 0.15 (0.06, 0.24) 0.33 ———
Pillai et al 2013 2015 337 0.16 (0.12, 0.20) 1.74 | ——
Wachters et al 2000 2003 56 0.16 (0.06, 0.26) 0.29 ———
Dong et al 2008 2012 55 0.25(0.14,0.37)  0.20 1 —_——
Subtotal 0.08 (0.07, 0.08) 90.63 ?
Japanese trials 1
Murakami et al 2007 2010 50 0.04 (0.00, 0.14)  0.61 ——r
Takeda et al 2002 2003 65 0.06 (0.00, 0.12) 0.78 —r—
Takayama et al 2010 2013 24 0.08 (0.01,0.27) 0.16 &
Nokihara et al 2010 2014 570 0.10 (0.07,0.12)  4.47 faas
Maruyama et al 2003 2006 244  0.13(0.09,0.17) 1.53 |——
Kawaguchi et al 2009 2012 151 0.18 (0.12, 0.24) 0.71 | ——
Yoh et al 2012 2015 81 0.19 (0.10,0.27)  0.37 | ——
Yoshioka et al 2010 2012 99 0.19 (0.11, 0.27) 0.44 I —_——
Segawa et al 2005 2008 29 0.21 (0.06,0.35)  0.12 T 4
Takeda et al 2011 2013 50 0.26 (0.14, 0.38) 0.18 | —_——
Subtotal 0.11(0.10,0.13) 9.37 <
Overall 0.08 (0.07, 0.09)  100.00 ¢

|

| | | | |
0 010 020 030 040 0.50

Response Rate

Figure 1. Forest plot of objective response rates for docetaxel. The point estimate of response rate for each trial is represented by the filled diamond, and the hori-
zontal line crossing the diamond represents the 95% confidence interval (Cl). The open diamond represents the pooled overall effect size. Japanese trials refer to
studies originating in Japan. Non-Japanese trials may include Japanese subjects but refer to studies originating outside Japan.
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Figure 2. Distribution of tumor objective response rate over year of trial commencement. Each circle represents a trial. The circle size is inversely proportional to
the standard error of the response rate. The dashed line is a fitted regression line of the relationship of objective response rate with year of trial commencement.

Discussion

Our finding of substantial variability in ORR (0-26%) for
patients assigned to docetaxel monotherapy in advanced
NSCLC RCTs demonstrates the fundamental weakness of
adopting an approach of benchmarking single-arm studies
with historical controls. We observed an improving trend for
ORR, 3-month PFS and 9-month OS over time. However, only
a small proportion of the overall heterogeneity of treatment
outcomes was explained by the year of trial commencement.
Furthermore, the association between year of trial com-
mencement and treatment outcomes were not significant
after accounting for other trial demographic variables. This
indicates that data from a few contemporary trials will be
insufficient to derive robust benchmarks for future single-
arm studies.

Our study extends previous research by examining a
larger number of trials in a more contemporary treatment
period within a different tumor histology. In a cross-trial
comparison of advanced ovarian cancer patients treated with
the same platinum combination therapy, statistically signifi-
cant differences in PFS and OS were reported [15]. In
advanced breast cancer patients receiving cyclophospha-
mide, methotrexate and 5-fluorouracil, small but statistically
significant differences in ORR and OS were found across dif-
ferent trials conducted in different eras even after adjust-
ment for known baseline prognostic factors [16]. Differences
in population characteristics cannot be completely accounted
for with statistical modeling, as it is not possible to adjust for
unknown or unmeasured prognostic factors. More import-
antly, there is no simple approach to refine historical bench-
marks to account for baseline prognostic factors and
eliminate selection bias. Arguably there is greater ambiguity
in selecting a benchmark for molecularly targeted therapies
as there is less prior prognostic data in this molecularly
defined subset. In this example of docetaxel in advanced

NSCLC, only 10% of trials reported on molecular subtype and
any clinical outcome differences on docetaxel between a
molecularly defined versus undefined population could not
be assessed.

The small improvements in ORR, 3-month PFS and 9-
month OS rates with docetaxel over time are unlikely related
to this chemotherapy. An increased proportion of patients
with better prognostic characteristics may have contributed
to this trend. In our study, the proportion of males, who
have a shorter life expectancy than females [17], decreased
over time and more patients with good performance status
were recruited to later year studies. Other factors, including
advances in imaging to identify patients with metastatic but
low volume disease, increased availability of treatment
options, better supportive care and improved management
of treatment-related toxicities possibly resulting in longer
treatment duration, may partly explain the improved treat-
ment outcomes.

Our findings also caution against the suggested approach
of using an absolute ORR threshold in single-arm trials as a
definitive endpoint for drug approval. A recent review of sin-
gle-agent anticancer drugs that received accelerated regula-
tory approval in the US suggests that high ORR exceeding
30% is associated with breakthrough activity [18]. However,
in our docetaxel meta-analysis, we demonstrate that some
trials of docetaxel monotherapy in NSCLC closely approached
this threshold of ‘compelling evidence'.

The main strength of our study is that we have performed
a comprehensive review of RCTs evaluating outcomes of
docetaxel administered in similar settings in more than
10,000 patients. As these trials were conducted over almost
two decades, it also allowed us to investigate trends in treat-
ment outcomes. Several meta-analyses of second-line thera-
pies in advanced NSCLC have previously been published to
estimate the comparative effectiveness and safety of the vari-
ous therapeutic options [19-22] and assessed for predictive
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[20,21] and prognostic factors [22]. To the best of our know-
ledge, this is the first study focusing on heterogeneity in
treatment outcome from the same docetaxel monotherapy
as second-line therapy in advanced NSCLC.

There are also limitations in our study. We did not have
access to individual patient data to allow comprehensive
evaluation of baseline prognostic characteristics. Very few tri-
als reported the molecular subtypes of patients. Tumor
response assessment methods varied between trials; how-
ever, a sensitivity analysis performed using trials that utilized
RECIST did not substantially alter the main finding of our
study. Investigator-assessed versus centrally determined
response status and variations in the timing and frequency
of tumor assessments across trials may have also affected
outcome assessments. Importantly, these factors are rarely
accounted for when benchmarking results of single-arm
studies against the outcomes of these historical controls.

Emerging challenges in designing, planning and recruiting
to clinical trials of targeted therapies are not limited to
advanced NSCLC, but extend to other cancers with molecu-
larly defined ‘rare’ subgroups. A basket trial design with
multi-arms to simultaneously examine various novel targeted
agents with a concurrent control arm of patients treated
with standard-of-care therapies, when available, has been
proposed [23] and will overcome the challenges associated
with  benchmarking against a historical comparator.
Improvement of such a design by including multi-institution
collaboration and an adaptive design has also been recom-
mended. Furthermore, novel, more sensitive markers of treat-
ment effect, such as cell-free circulating DNA, incorporated
into more traditional efficacy outcomes, such as tumor
response, to form a composite endpoint may help address
the problem of less reliable treatment estimates from
smaller studies.

In conclusion, our meta-analysis of docetaxel monother-
apy for the second line treatment of advanced NSCLC dem-
onstrates that benchmarking against docetaxel as ‘historical’
controls may not be a valid approach to replace the use of a
concurrent control arm in clinical trials in rare molecular sub-
types of NSCLC. Claims of compelling improvement in treat-
ment outcomes from single-arm studies cannot be easily
quantified. Future trials with innovative designs involving a
concurrent control arm should be considered.
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