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Abstract

We systematically evaluated the evidence from randomised trials comparing various chemotherapy regimens for advanced non-

small cell lung cancer. Across 254 eligible trials (42 661 patients), no regimens were compared in >6 studies. Twenty-six trials (10%)
found statistically significant differences in survival between the compared arms. Only five reported the randomisation mode, and
four reported adequate allocation concealment; nine performed unaccounted interim analyses. Statistical significance was more

common in larger (P=0.003), more recent studies (P=0.031), and trials from countries with only one published eligible study
(P=0.008). Increased reported median survival was independently associated with platinum and/or taxane and combination regi-
mens, but also with the year of publication, smaller sample size, and larger representation of non-stage IV patients and patients

with a better performance status. The proportion of enrolled patients with a performance status of 2 or worse decreased sig-
nificantly over time (12.9% per decade, P<0.001). Randomised evidence in this field is fragmented and subject to considerable
selection biases.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Chemotherapy may prolong survival in advanced,
inoperable non-small cell lung cancer [1], although its
effects are far less impressive than in small-cell lung
cancer [2]. A meta-analysis of individual patient data [1]
showed a small, but statistically significant, survival
benefit over best supportive care, especially for plati-
num-containing regimens. Nevertheless, the overall
prognosis of these patients remains poor. Much clinical
effort has been devoted to identifying better chemo-
therapeutic regimens and many trials have been per-
formed comparing different regimens. An evaluation of
33 phase III trials launched in North America between
1973 and 1994 (n=8434 patients) reached sobering
conclusions [3]. Only five trials showed statistically sig-
nificant survival benefits, all of less than 2 months’
improvement in median survival. However, this analysis
included only four trials conducted after 1990.
Several new trials continue to be performed and new

regimens are being investigated in this field, including a
rapidly increasing literature on taxanes (paclitaxel and
docetaxel) in more recent years [4]. Moreover, the com-
plete clinical experience of randomised trials in this set-
ting includes many more investigations. Much research
is conducted outside America and phase II and II/III
trials far outnumber large phase III trials. Therefore, we
decided to perform a systematic overview of all rando-
mised clinical trials in patients with advanced non-small
cell lung cancer. We systematised the available infor-
mation and examined whether there is evidence for the
superior efficacy of specific regimens against others, and
whether reported significant survival differences are
reliable or affected by biases. This information would
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provide insights for improving clinical practice and for
guiding future clinical research in this field.
2. Patients and methods

2.1. Search strategy and eligibility criteria

We searched MEDLINE, EMBASE, and the Central
Registry of Controlled Trials of the Cochrane Library
[5] until November 2002. The search strategy used ‘lung
cancer’ and ‘chemotherapy’ with an array of terms sug-
gestive of randomised controlled trials, as recommended
by the Cochrane Collaboration [5]. The full strategy is
available upon request. In addition, we identified all
previous systematic reviews and meta-analyses of ran-
domised trials in this field and perused the references of
retrieved articles. Cross-searches were performed in
MEDLINE using the names of investigators who were
lead authors in at least one eligible trial. Finally, we
hand-searched several years of the volumes of journals
that had the highest number of electronically identified
trials [6].
We considered all randomised controlled trials that

compared at least two arms of different chemotherapy
regimens in patients with advanced non-small cell lung
cancer (stage IIIB or IV, unresectable or recurrent). We
excluded non-randomised trials and pseudo-randomised
trials with alternate allocation of subjects. We excluded
trials limited to non-advanced disease and trials limited
to small-cell lung cancer. However, trials were eligible
regardless of whether they might also have included
some patients with non-advanced disease or other
malignancies; deviations were noted and the number of
strictly eligible patients was also recorded. We excluded
trials comparing radiotherapy regimens, but retained
trials when radiotherapy was the same in all of the
compared arms and the difference between arms per-
tained to the chemotherapeutic regimens. We excluded
trials where the compared arms used the same chemo-
therapy regimen, but differed in the non-chemothera-
peutic agents used (e.g. immunomodulators, growth
factors, cytokines or verapamil). We accepted rando-
mised trials comparing different dosing schemes and
schedules of the same agent or combination of agents.
We excluded comparisons of chemotherapy against best
supportive care without chemotherapy. Trials with three
or more arms were retained if at least two arms addres-
sed an eligible comparison; non-eligible arms were
excluded from further analyses.
Trial reports were scrutinised to identify potential

duplication and overlap. In cases of overlap or duplicate
reports, only the main report with the maximal infor-
mation was retained. Interim analyses were retained, if
no further final report had been published. We only
considered studies published in journals. Meeting
abstracts were excluded. There was no language
restriction.

2.2. Data extraction

From each eligible trial report, we recorded the
authors, publication year, journal, sample size (total,
eligible, per arm), regimens compared, type of chemo-
therapy (based on whether platinum, taxane, both, or
neither was used), country(ies) of the investigators,
study population eligibility criteria, and the percentage
of patients with performance status 2 or worse (Kar-
nofsky score 70 or less) and stage IV disease per arm.
Furthermore, we recorded the median survival per arm,
and whether there was any statistically significant dif-
ference in median survival between compared arms
(P<0.05). When several different analyses were repor-
ted with different levels of statistical significance, we
preferred the log-rank test results over other statistics.
In trials with >2 arms, where statistically significant
differences in survival were reported, we estimated whe-
ther statistical significance would still be claimed in a
log-rank test comparing all arms, using the presented
information from Kaplan–Meier curves, tables, text and
pair-wise comparisons [7]. For trials with statistically
significant survival differences, we recorded qualitative
parameters including masking, adequate reporting of
the mode of randomisation, allocation concealment and
use of planned or unplanned interim analyses.

2.3. Statistical analyses

We classified regimens and comparisons according to
the exact chemotherapy being used and according to
broad categories defined by the use or not of platinum
and/or taxanes; and according to whether monotherapy
or at least two agents were involved. We evaluated using
the Mann–Whitney U test and Fisher’s exact test whe-
ther the types of regimens compared, trial sample size, year
of publication and origin were associated with the chance
of finding a statistically significant survival difference.
Excluding trials with a mixture of patients with other

malignancies or earlier stage non-small cell lung cancer
and trials where radiotherapy was part of the regimens,
we evaluated whether the reported median survival was
related to the type of regimen (containing platinum,
taxane, or both), number of drugs (monotherapy versus
combination of at least two agents), year of publication,
sample size of study arm, performance status, disease
stage and country of origin. We used analysis of variance
and linear regression. Multivariate regression models
were also evaluated starting from variables with P<0.2
in univariate analyses and dropping non-significant
variables with backward elimination. We report
unweighted regressions and regressions weighted by the
sample size of each study arm.
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Analyses were conducted in Statistical Package for
the Social Sciences (SPSS) 11.0. P values are two-tailed.
3. Results

3.1. Eligible trials

Of 350 potentially eligible trial reports, we excluded
49 that were ineligible upon full-text scrutiny, three that
could not be retrieved in full text and where abstracts
did not provide even the total sample size, and 44
duplicate/preliminary presentations. Thus, 254 indepen-
dent trials were retained (Table 1). The number of trials
per year increased over time. The median sample size
was 114, but only one trial had over 1000 subjects
(n=1207, a four-arm trial) and the largest study arm
had 309 subjects. A total of 42 661 subjects were rando-
mised across 594 arms. Six control arms where no
chemotherapy was given (n=338) were not analysed,
leaving 588 eligible trial arms (n=42 323). In the large
majority of reports, no previous chemotherapy had
been given and a few early trials had included also some
patients with non-advanced disease or other malig-
nancies. In almost one-third of the trials, only US
investigators were involved, while there was also a large
number of Italian and Japanese trials. Trials with multi-
national authorship accounted for 18.9%.

3.2. Compared chemotherapy regimens

Only seven monotherapies and 14 combinations of
different agents had been tested in at least five trial arms
each. These 21 regimens accounted for only 271 of the
588 arms (Table 2). Moreover, the doses and schedules
of the same regimen often differed across trials. The
most commonly assessed regimen, cisplatin+etoposide,
was utilised in 35 trials (41 arms). Five trials (10 arms)
simply compared various schedules and doses of this
combination. In 31 trials, this combination was com-
pared against 32 other different regimens in 44 possible
comparisons. A comparison against cisplatin+vinde-
sine was performed in five trials and a comparison
against cisplatin+mitomycin+vinblastine in four oth-
ers. The total number of subjects in these contrasts
amounted to only 695 and 662 patients, respectively.
There were two comparisons of cisplatin+etoposide
against six different regimens and a single comparison
against another 23 regimens.
Table 1

Characteristics of the eligible trials
Characteristic
Year of publication
1971–1980
 34
1981–1990
 91
1991–2000
 98
2001–2002
 31
Total sample size, median (IQR)
 114 (68–207)
Eligible subjects, median (IQR)
 106 (64–210)a
Number of eligible arms
Two
 197
Three
 45
Four or more
 12
Previous chemotherapy given, n (%)
 26 (10.2)b
Including patients with non-advanced disease, n (%)
 30 (11.8)
Including patients with other malignancies
Small cell lung cancer, n (%)
 18 (7.1)
Non-lung cancer, n (%)
 8 (3.1)
Radiotherapy also involved, n (%)
 8 (3.1)
Countries involvedc
USA
 73
Multiple countries
 48
Italy
 42
Japan
 28
Greece
 8
China
 8
Spain
 7
United Kingdom
 7
France
 6
Other/unknown
 27
IQR, interquartile range; USA, United States of America.
a Data available on 240 of the 254 trials.
b Only three trials included exclusively patients who had received

previous chemotherapy.
c Based on affiliations of authors and investigators; it was not

always possible to ascertain whether enrollment was conducted strictly

in the same countries.
Table 2

The 21 most commonly used regimens in the eligible trials
Regimen
 Number

of arms
Cisplatin+etoposide
 41
Cisplatin+vindesine
 35
Cisplatin+mitomycin C+vindesine
 23
Carboplatin+paclitaxel
 17
Cisplatin+cyclophosphamide+doxorubicin
 16
Cisplatin
 15
Cisplatin+gemcitabine
 15
Cisplatin+vinorelbine
 12
Cisplatin+mitomycin C+vinblastine
 11
Cyclophosphamide
 10
Cisplatin+paclitaxel
 9
Vindesine
 9
Carboplatin+etoposide
 8
Cisplatin+vinblastine
 8
Cyclophosphamide+methotrexate+

doxorubicin+lomustine
7

Vinorelbine
 7
Carboplatin
 6
Cisplatin+ifosfamide+mitomycin C
 6
Cispatin+ifosfamide+vindesine
 6
Gemcitabine
 5
Paclitaxel
 5
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The only comparison that occurred at least six times
was cisplatin+vindesine versus cisplatin+mitomy-
cin+vindesine, but all six comparisons accounted in
total for only 500 patients. The only comparison that
was evaluated in a total of over 1000 randomised
patients was carboplatin+paclitaxel versus cispla-
tin+paclitaxel (n=1243 across two phase III trials and
one small phase II trial). One phase III trial found a
significant survival prolongation with the cisplatin
combination (median 9.8 versus 8.2 months), while the
other phase III trial found the opposite trend (7.8 versus
8.1 months).
In terms of broad categories, 225 arms used regimens

without platinum or taxanes, 313 platinum-based regi-
mens without taxanes, 35 regimens with both platinum
and taxanes, and 15 regimens with taxanes, but without
platinum. Regimens with neither platinum nor taxanes
are currently disappearing, while combinations of plati-
num and taxanes recently account for over a third of the
tested regimens (Table 3). Seventy-one trials involved
only comparisons between regimens without platinum
or taxanes, 44 involved a comparison of a platinum-
based non-taxane regimen against a regimen without
platinum or taxane, 111 involved only comparisons of
platinum-based regimens without taxanes, and 28
involved taxanes. Fifty trials involved at least one com-
parison of monotherapy against combinations.

3.3. Trials with statistically significant survival differ-
ences

Thirty-one trials claimed statistically significant dif-
ferences in survival between the compared arms. In 5
cases, this involved only one of three or more pair-wise
comparisons in multi-arm trials without significance in
the overall comparison across all arms. Twenty-six trials
(10%) had overall statistically significant survival dif-
ferences (Table 4) [8–33]. None of them was blinded,
only five (19%) described an appropriate mode of ran-
domisation [8,18,20,25,32] and only four (15%) descri-
bed an appropriate mode of allocation concealment
[8,15,25,32]. Three were stopped early in interim ana-
lyses [8,22,24], including an unplanned one (the primary
investigator left the institution) [24]. Another trial found
significant survival differences only when follow-up was
updated beyond the original analysis [32]. Finally, at
least five other trials reported 1–2 additional interim
analyses [9,13,17,25,33], and at least one was acknowl-
edged to be unplanned [25]. No trial adjusted results for
interim analyses.
Four trials involved only comparisons of non-plati-

num, non-taxane regimens [8–11], 12 included only
comparisons of platinum-based, non-taxane regimens
[12–23], eight included a comparison of a platinum-
based, non-taxane regimen against non-platinum, non-
taxane drugs [24–31], and two involved taxanes [32,33],
although the compared regimens used the same taxane
in one of them [32]. The percentage of statistically sig-
nificant survival differences in these four trial categories
was 6% (4/71), 11% (12/111), 18% (8/44) and 7% (2/
28), respectively (P=0.20). There were nine statistically
significant survival differences across 50 trials where a
monotherapy was compared against a combination(s)
of agents versus 17 such differences across all other 204
trials (18% versus 8%, P=0.065).
Trials with statistically significant results had a larger

sample size (P=0.003) and a later publication year
(P=0.031) on average than other trials. However,
excluding 51 trials with sample sizes up to 60 patients,
the differences became non-significant (P=0.18 and
P=0.17, respectively).
Statistically significant survival differences were seen in

9/48 trials with a multinational authorship versus 17/206
other trials (P=0.059). Six countries (Germany, Roma-
nia, South Africa, Sweden, Turkey, Yugoslavia) pub-
lished only one single-country eligible trial. Three of
these (Romania, Turkey, and Yugoslavia) claimed sta-
tistically significant survival differences. The difference
against the proportion of statistically significant results
from other trials with a single-country authorship was
impressive (50% versus 7%, P=0.008). All 3 cases
involved comparisons between platinum-based, non-
taxane regimens. Romania and Turkey were not
involved in any published multinational studies.
The absolute difference between arms in median sur-

vival exceeded 3 months in nine trials. This included
four trials comparing platinum-based regimens versus
non-platinum chemotherapy, and five involving com-
parisons of platinum-based regimens. Only one trial
with a sample size exceeding 160 patients [20] showed a
statistically significant survival benefit exceeding 3
months.

3.4. Parameters affecting median survival

For this analysis, 196 trials with 462 arms were eligi-
ble and median survival per arm was available for 160
trials (374 arms). Mean median survival was 7.10 (stan-
dard deviation (S.D.) 2.32) months. Median survivals
exceeding 12 months were recorded in seven arms.
Table 3

Regimens used in different decades (% in decade)
NP/NT
 P/NT
 P/T
 NP/T
1971–1980
 73 (94)
 5 (6)
 0
 0
1981–1990
 95 (44)
 121 (56)
 0
 0
1991–2000
 49 (22)
 152 (69)
 8 (4)
 10 (5)
2001–2002
 8 (11)
 35 (47)
 27 (36)
 5 (7)
Total
 225
 313
 35
 15
P, platinum; T, taxane; NP, no platinum; NT, no taxane.
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Table 4

Trials with formally statistically significant differences in survival across compared arms
Author, year
 N (eligible)a
 Countries involved
 Regimens compared
 Narm
a
 Smedian

b

Frasci, 2000
 125 (125)
 Italy
 Gemcitabine+vinorelbine
 60
 6.7

Vinorelbine
 60
 4.2
Crawford, 1996
 216 (216)
 Canada, USA
 Vinorelbine
 143
 6.9

Fluorouracil+leucovorin
 68
 5.1
Gatzemeier, 1991
 184 (184)
 Germany, Switzerland
 Lonidamine
 64
 4.8

Mitomycin C+vindesine
 60
 6.4

Mitomycin C+lonidamine+vindesine
 60
 7.3
Green, 1990
 178 (178)
 USA, Canada
 CisPl+cytarabine
 79
 6.0

CisPl+vinblastine
 76
 7.2
Grigorescu, 2002
 198 (187)
 Romania
 CarboPl+gemcitabine
 95
 9.3

CisPl+vinblastine
 92
 7.6
Jelic, 2001
 221 (221)
 Yugoslavia
 CisPl+mitomycin C+vindesine
 114
 8.0

CarboPl+mitomycin C+vindesine
 107
 9.6
Ricci, 2000
 82 (82)
 Italy
 CisPl+gemcitabine (schedule 1)
 42
 10.0

CisPl+gemcitabine (schedule 2)
 40
 17.0
Sandler, 2000
 522 (522)
 Canada, Finland, Germany,
 CisPl+gemcitabine
 260
 9.1

UK, USA
 CisPl
 262
 7.6
von Pawel, 2000
 446 (446)
 Australia, Belgium, Canada, UK
 CisPl+tirapazamine
 223
 8.0

Germany, France, Sweden, USA
 CisPl
 223
 6.4
Wozniak, 1998
 432 (432)
 USA
 CisPl
 209
 6.0

CisPl+vinorelbine
 206
 8.0
Ginopoulos, 1997
 85 (85)
 Greece
 CisPl+mitomycin C+vindesine
 43
 9.7

CisPl+eto
 42
 6.9
Ianniello, 1996
 158 (158)
 Italy
 CisPl+epirubicin+lonidamine+vindesine
 78
 11.0

CisPl+epirubicin+vindesine
 80
 7.6
Crino, 1995
 393 (393)
 Italy
 CisPl+eto
 130
 5.8

CisPl+mitomycin C+vindesine
 130
 9.6

CisPl+mitomycin C+ifosfamide
 133
 8.1
Erkisi, 1995
 77 (77)
 Turkey
 CisPl+eto+ifosfamide
 39
 14.9

CisPl+eto
 35
 9.1
Crino, 1990
 156 (156)
 Italy
 CisPl
 24
 4.1

CisPl+eto
 69
 9.7

CisPl+eto+mitomycin C
 57
 8.1
Rapp, 1988
 101 (101)
 Canada
 CisPl+vindesine
 49
 7.9

CisPl+cyc+Adria
 52
 5.2
Jeremic, 1997
 120 (120)
 Japan, Yugoslavia
 Eto
 59
 5.0

CarboPl+eto
 58
 9.0
Le Chevalier, 1994
 612 (612)
 Belgium, France, Germany,
 CisPl+vinorelbine
 206
 9.2

Greece, Italy, Portugal,
 CisPl+vindesine
 200
 7.4

Spain, Switzerland
 Vinorelbine
 206
 7.1
Veronesi, 1988
 136 (?)
 Italy
 Adria+cyc+methotrexate+procarbazine
 ?
 5.1

CisPl+eto
 ?
 6.8
Ohta, 1988
 119 (117)
 Japan
 Adria+CisPl+cyc+mitomycin C
 56
 9.5

Cytarabine+mitomycin C+tegafur
 61
 6.0
Miller, 1986
 483 (483)
 USA
 5-Fluorouracil+mitomycin C+vincristine
 158
 4.6

CisPl+cyc+Adria
 166
 5.5

Alternating regimens listed above
 159
 5.3
Elliott, 1984
 105 (105)
 UK
 Vindesine
 54
 4.0

CisPl+vindesine
 51
 11.0
Fuks, 1983
 68 (68)
 Canada, USA
 CisPl+cyc+adria+eto
 38
 8.0

Cyc+adria+eto
 30
 5.2
Eagan, 1979
 72 (72)
 USA
 Adria+cisPl+cyc+rad
 34
 16.6

Adria+cyc+DTIC+rad
 34
 7.1
Rosell, 2002
 618 (618)
 15 European countries,
 CarboPl+paclitaxel
 309
 8.2

Israel, USA
 CisPl+paclitaxel
 309
 9.8
Comella, 2001
 360 (360)
 Italy
 CisPl+gemcitabine
 112
 8.8

CisPl+gemcitabine+vinorelbine
 117
 11.8

CisPl+gemcitabine+paclitaxel
 114
 11.8
Adria, adriamycin (doxorubicin); CarboPl, carboplatin; CisPl, cisplatin; cyc, cyclophosphamide; eto, etoposide; rad, radiotherapy; DTIC, dimethyl-
triazenoimidazole carboxamide.
a N refers to the total number of randomised subjects, while the number in parentheses refers to patients with stage IIIB or IV non-small cell lung

cancer. The number of subjects per arm, Narm, pertains to the eligible patients entered in the analysis of the trial results. As shown, in 7 cases, the
analysed patients are fewer than the total number randomised.
b Smedian refers to the median survival, as estimated from Kaplan–Meier plots.
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In unweighted analyses, the median survival was
clearly different across classes of chemotherapy
(P<0.001) with significantly shorter median survival
when either platinum nor taxanes were included (mean
5.49 (S.D. 1.84) months based on 119 available arms).
Differences between regimens including platinum, tax-
ane, or both were small (mean (SD): 7.73 (2.11), 7.83
(2.25), and 8.77 (2.26) months based on 217, 11, and 27
arms, respectively). Combinations were associated with
1.84 months longer median survival (S.D. 0.30,
P<0.001) than monotherapies. Median survival
increased 1.72 (S.D. 0.15) months (P<0.001) per dec-
ade. For each 50 patients in the study arm, the median
survival seemed to increase by 0.23 (S.D. 0.10) months
(P=0.020). Median survival decreased by 0.29 months
(S.D. 0.06, P<0.001) per each 10% increase in the pro-
portion of subjects with a performance status of 2 or
worse and 0.42 months (S.D. 0.06, P<0.001) for each
10% increase in the proportion of subjects with stage IV
disease. There was also a shorter median survival in the
multinational trials (�1.31 (S.D. 0.27) months,
P<0.001) and a trend for a longer reported survival in
trials from countries that had published only one trial
(+1.35 (S.D. 0.89) months, P=0.13). Arm sample size
was highly significantly correlated (P<0.001) with the
year of publication (r=0.34), multinational authorship
(r=0.18), better performance status (r=0.24) and use of
platinum and/or taxane (r=0.25) and to a lesser extent
with a higher proportion of stage IV disease (r=0.16,
P=0.003) and the use of combination regimens
(r=0.10, P=0.045).
Regardless of the year of publication, regimens that

include neither platinum nor taxanes always showed an
inferior survival compared with the other regimens
(Fig. 1). Monotherapies on average reached a median
survival in the range of 6 months. Over the last 25 years,
the reported median survival improved by approxi-
mately 4 months, but within the combination regimens
including platinum and/or taxanes, the recorded aver-
age improvement in the same time period was approxi-
mately 2 months. However, there was a strong
correlation between the year of publication and the
proportion of subjects with a poor performance status.
In an unweighted regression, the proportion of enrolled
subjects with a performance status of 2 or worse
decreased by 10.9% per decade (S.D. 1.22, P<0.001,
Fig. 2). The effect was similar in the weighted regression
(12.9%, S.D. 1.07, P<0.001).
In multivariate modelling (Table 5), use of platinum

and/or taxanes, combination of agents, performance
status, proportion of subjects with stage IV disease, and
year of publication were highly significant independent
predictors of the median survival, in both the weighted
and unweighted analyses. The adjusted effect of sample
size was inversed with a modest decrease in reported
survival with larger sample sizes. An independent effect
of the specific combination of platinum and taxanes was
discerned in the weighted analyses. Unweighted and
Fig. 1. The median survival per arm is plotted as a function of the year of publication of each trial. Triangles represent arms where platinum and/or

a taxane is used, while squares represent trial arms where neither platinum nor taxanes are involved. Filled markers represent monotherapies, while

open markers represent combinations of at least two agents. Also shown are best-fit lowess splines for all data (thick continuous line extending from

4 months in 1977 to 8 months in 2002) and separately for the four resulting subgroups (continuous lines for monotherapies, discontinuous lines for

combinations). Seven arms with median survival exceeding 12 months are not shown, but are used in the calculations.
J.P.A. Ioannidis et al. / European Journal of Cancer 39 (2003) 2278–2287 2283



weighted models explained 47 and 56% of the varia-
bility, respectively.
4. Discussion

Despite the availability of over 250 published trials on
chemotherapy regimens for advanced non-small cell
lung cancer, the evidence remains extremely fragmented.
There is a large variability in the regimens used and
comparisons thereof. With a total of over 40 000 ran-
domised patients, with one exception, no regimens have
been compared for their impact on survival on at least
1000 patients and single comparisons of two study arms
have never involved at least 700 patients. Trials con-
ducted to date are underpowered to detect plausible
treatment effects. For a hazard ratio of 1.2, in order to
have 80% power at �=0.05, 950 subjects must be fol-
lowed until death, i.e. over 1000 patients should be
randomised in two compared arms [34]. This has never
been performed in single trials to date.
In search of novelty and under corporate pressure,

investigators may improvise with selecting new con-
trasts for new trials, instead of comparatively evaluating
and validating previously assessed regimens. Innovation
is not necessarily bad. It allows the generation of some
useful data in a randomised, controlled setting for an
expanding array of agents and combinations. Safety and
preliminary efficacy data are certainly welcome. How-
ever, this fragmented approach is unlikely to provide
definitive evidence about the superiority of specific regi-
mens in terms of survival benefits.
We suspect that chance findings (type I errors) are
equally or even more problematic than type II errors in
this field. We recorded 26 trials where a formally statis-
tically significant survival difference had been observed.
This represents 10% of the trial reports. One might
expect by chance up to a 5% occurrence of statistically
significant survival differences. With the exception of
trials comparing platinum-based versus non-platinum
regimens and trials comparing combinations of agents
against monotherapies, the percentage of significant
findings was not far from 5%. Several of these 26 ‘sig-
nificant’ findings may have been due to chance alone.
The phenomenon of spurious differences in survival has
been previously described empirically also in other
medical domains [35]. Of note, almost all the statisti-
cally significant benefits exceeding 3 months gain in
median survival were recorded in relatively small trials,
further suggesting that these estimates are probably
inflated by chance.
We also found considerable evidence for biases in this

field. Lack of double-blinding, and no reporting of the
mode of randomisation and of the allocation conceal-
ment have been associated with spuriously inflated
treatment effects in other medical domains [36,37]. The
trials analysed here scored very poorly in these aspects.
Of course blinding is not convenient in this setting and
perhaps comparative survival may not be as easily
affected by methodological shortcomings. Reporting
does not always reflect the actual study design [38] and
methodological shortcomings have not been associated
with inflated outcomes in all medical domains [39].
Nevertheless, improved study design and reporting
Fig. 2. Proportion of subjects in each study arm with a performance status of 2 or worse (or Karnofsky of 70 or worse) as a function of the year of

publication of the trial.
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would be useful in this field. Interim analyses are also
very common in these trials. This is appropriate in
selected cases, but early stopping can lead to inflated
estimates of treatment effects [40] and more common
chance findings [41].
The country of origin was a strong determinant of

reaching statistically significant results. Trials of multi-
national authorship are larger, so an association with
significant results is not surprising. However, significant
results were most strongly associated not with multi-
national origin, but with countries that had contributed
only one single-country trial to the international litera-
ture. A tower of Babel bias may be operating [42]. In
some countries, trials with statistically significant,
favourable results may be selectively published in the
international literature, while trials with less favourable
results may appear in local non-indexed publications or
may remain unpublished [43]. We cannot probe the
exact depth of the potential tower of Babel and pub-
lication biases here [44]. However, given that non-small
cell lung cancer is a very common cancer worldwide and
chemotherapy trials are easy to conduct, we suspect that
a sizeable proportion of the relevant literature from
non-English speaking countries remains unpublished
and/or largely inaccessible. This may not be a problem
for large trials conducted by well-established multi-
centre groups [3], but the total literature may give
misleading impressions.
Trends in observed median survival should be inter-

preted with caution since they are based on data from
single arms, thus the benefit of randomisation is lost
and single-arm data represent observational cohorts
[45]. Even though we tried to retain the most homo-
geneous study populations for these analyses, changes
in medical management and supportive care over time
are difficult to model. The improvement over time cor-
related in part to the introduction of platinum and
combination regimens. Combinations including specifi-
cally platinum and taxanes may confer an additional,
independent benefit, but the estimate of this benefit is
very small and highly susceptible to potential bias.
Comparator non-platinum agents included in early
treatment regimens might have even had a deleterious
effect on survival, as has been shown for several alkyl-
ating agents when compared against best supportive
care [1]. Moreover, we clearly documented a strong
selection shift with a decrease in the proportion of
enrolled patients with a poor performance status in
randomised trials over time. Performance status is a
very strong predictor of survival and may account at
least in part for the observed improved survival over
time. Given the high correlation between the year of
publication, parameters representing treatment inter-
ventions and parameters representing bias, multi-
collinearity may be a problem and adjusted estimates
may be misleading. Epidemiological evidence [3] sug-
gests that median survival in patients with advanced
non-small cell lung cancer in the US population has
improved by only a few weeks over the last 3 decades.
Thus, the observed improvement in median survival in
clinical trials may be highly spurious.
Several paradigm shifts are required in clinical

research on advanced non-small cell lung cancer. Our
analysis expands and updates the previous suggestion
that treatment approaches in this setting carry sobering
results [3] and adds concerns about prevalent biases in
the accumulated evidence. Any survival gains with cur-
rently available regimens seem very modest at best [46].
Research priorities should probably focus on develop-
ing new treatment modalities and on preventive efforts
Table 5

Parameters potentially affecting the reported median survival: multivariate models
Parameters
 Unweighted analysis
 Weighted analysisa
Change in median

survival (S.D.)

months
P value
 Change in

median survival

(S.D.) months
P value
Chemotherapy regimen with platinum

and/or taxane
+0.76 (0.27)
 0.005
 +0.66 (0.24)
 0.007
Combination of at least two agents
 +1.41 (0.28)
 <0.001
 +1.17 (0.24)
 <0.001
Combination of platinum and taxane
 NS
 NS
 +0.58 (0.26)
 0.029
Publication year (per decade)
 +1.31 (0.17)
 <0.001
 +1.33 (0.16)
 <0.001

Sample size of the study arm

(per 50 patients)
�0.17 (0.08)
 0.035
 �0.18 (0.05)
 0.003
Country with only one published trial
 NS
 NS
 NS
 NS
Multinational authorship
 NS
 NS
 NS
 NS
Performance status (per 10% increase

of 2 or worse)
�0.23 (0.05)
 <0.001
 �0.23 (0.05)
 <0.001
Stage IV disease (per 10% increase)
 �0.36 (0.05)
 <0.001
 �0.37 (0.04)
 <0.001
S.D., standard deviation; NS, not selected in the multivariate model (non significant).
a Weighted by the sample size of the study arm.
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[47]. Performing hundreds of underpowered chemo-
therapy trials represents a poor, uncoordinated research
investment. Larger, well-designed and adequately
reported trials may be more definitive [48,49], but their
targets should be carefully selected. Smaller trials are
still useful, and careful meta-analyses [50,51] may yield
some more conclusive results. However, given the
extreme complexity and fragmentation of potential
comparisons in this field, even meta-analyses are
underpowered and selective inclusion of trials may gen-
erate spurious results. We need international collabora-
tion, strategic planning of treatment assessments, and
complete international registration of all trials con-
ducted worldwide [52]. Otherwise, reported trial results
are likely to remain fragmented or even misleading.
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