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Background: ZODIAC was a randomized phase III study of second-line treatment in patients with advanced non-small
cell lung cancer (NSCLC) that evaluated the addition of vandetanib to docetaxel. The study showed a statistically signifi-
cant improvement in progression-free survival and objective response rate, but not in overall survival for unselected
patients. This study evaluated epidermal growth factor receptor (EGFR) gene mutation, copy number gain, and protein ex-
pression, and KRAS gene mutation, in pretreatment tumor samples as potential biomarkers predicting benefit from van-
detanib as second-line treatment of NSCLC.
Patients and methods: After progression following first-line chemotherapy, 1391 patients with locally advanced or
metastatic (stage IIIB/IV) NSCLC were randomized 1 : 1 to receive vandetanib (100 mg/day) plus docetaxel (75 mg/m2

every 21 days) or placebo plus docetaxel in the ZODIAC study. Archival tumor samples (n = 570) were collected from con-
senting patients (n = 958) for predefined, prospective biomarker analyses.
Results: Of evaluable samples, 14% were EGFR mutation positive, 35% were EGFR FISH positive, 88% were EGFR
protein expression positive, and 13% were KRASmutation positive. Compared with the overall study population, in which
progression-free survival (PFS) [hazard ratio (HR) = 0.79] but not OS (HR = 0.91) were significantly improved with vandeta-
nib, there was greater relative clinical benefit for patients with EGFR mutation-positive tumors [PFS HR 0.51, confidence
interval (CI) 0.25–1.06 and OS HR 0.46, CI 0.14–1.57] and EGFR FISH-positive tumors (PFS HR 0.61, CI 0.39–0.94 and
OS HR 0.48, CI 0.28–0.84). Similarly, patients with EGFR mutation or FISH-positive tumor samples who received vande-
tanib had an increased chance of objective tumor response (odds ratios 3.34, CI 0.8–13.89, and 3.90, CI 1.02–14.82,
respectively). There did not appear to be benefit for vandetanib in patients with KRASmutation-positive tumors.
Conclusions: High EGFR gene copy number or activating EGFR mutations may identify patient subgroups who receive
increased clinical benefit from vandetanib in combination with docetaxel in second-line NSCLC.
ClinicalTrials.gov: NCT00312377.
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introduction
Vandetanib is a once-daily, oral anticancer agent that selectively
targets the vascular endothelial growth factor receptor (VEGFR),
epidermal growth factor receptor (EGFR) and REarranged during
Transfection (RET) tyrosine kinases [1, 2], and is currently

approved for the treatment of symptomatic or progressive medul-
lary thyroid cancer [3, 4].
ZODIAC (NCT00312377), a randomized, double-blind, mul-

ticenter, placebo-controlled phase III study, investigated the
efficacy of vandetanib (100 mg daily) plus docetaxel versus doc-
etaxel alone in patients with previously treated advanced non-
small cell lung cancer (NSCLC). The addition of vandetanib to
docetaxel showed a statistically significant improvement in the
primary end point of progression-free survival (PFS) and in ob-
jective response rate (ORR), but not in overall survival (OS) [5].
The focus of the prospective biomarker analyses in the ZODIAC
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study was on as potential markers of differential benefit from
EGFR tyrosine kinase inhibitors (TKIs), including EGFR
protein expression, EGFR gene amplification, EGFR gene muta-
tion [6, 7], and KRAS gene mutation [8], since, at the study
outset, no tumor biomarkers predicting sensitivity to VEGFR2
inhibitors in NSCLC had been identified. The results of these
analyses are reported here.

patients andmethods

study design
Full details of the ZODIAC study have been published [5]. The primary ob-
jective of the trial was to determine whether vandetanib added to docetaxel
prolonged PFS compared with placebo plus docetaxel. Secondary efficacy
end points included OS and ORR. Patients were given the option of provid-
ing an additional informed consent to allow archival tumor samples to be
used for the purposes of biomarker research. All biomarker analyses were
completed before the study was unblinded.

sample analysis
Biomarker analyses methods and the demographics and baseline characteris-
tics for patients with evaluable tumor samples are described in supplemen-
tary Methods (available at Annals of Oncology online).

statistical analysis
The ZODIAC study had two co-primary analysis populations [5] and, there-
fore, the conventional two-sided 5% significance level was adjusted to 2.5%
for all subgroup analyses, and further adjusted to 2.42% for PFS and 2.48%
for OS due to a single interim analysis. All P values are two-sided. The sub-
group analyses presented here were prospective and due to their exploratory
nature, no adjustment for multiple testing was used. PFS and OS were ana-
lyzed using the log-rank test (unadjusted model with treatment factor only)
and ORR was analyzed using logistical regression. Due to the number of
patients and number of variables, multivariate analyses were not carried out.
All statistical analyses were done using SAS version 9.1.

results
The benefits of vandetanib treatment did not appear to be differ-
ent in patients with EGFR protein expression positive (IHC+) or
negative (IHC−) tumor samples compared with unselected
patients in terms of the primary end point (PFS), or secondary
efficacy end points (OS, ORR) (Figure 1, supplementary Tables
S1–S3, available at Annals of Oncology online).
There were increased proportions of Asians (46% versus

24%), nonsmokers (21% versus 11%) and adenocarcinoma
histology (67% versus 52%) among patients with EGFR gene
amplification-positive (FISH+) tumor samples compared with
patients with EGFR gene amplification-negative (FISH−) tumor
samples. In the EGFR FISH+ patient subgroup, the observed
outcomes suggest benefit for vandetanib over placebo in terms
of PFS [hazard ratio (HR) 0.61; 97.58% confidence interval (CI)
0.39–0.94; P = 0.010; median 4.7 versus 2.7 months], OS (HR
0.48; 97.52% CI 0.28–0.84; P = 0.003; median 16.8 versus 9.0
months), and ORR (22.7 versus 7.0%; odds ratio 3.90; 97.5% CI
1.02–14.82; P = 0.023). In contrast, for the EGFR FISH− patient
subgroup, the data suggest a lack of benefit of vandetanib treat-
ment compared with placebo (Figures 1 and 2, supplementary
Tables S1–S3, available at Annals of Oncology online).

EGFRmutation status
A greater proportion of patients with EGFR mutation-positive
(MT+) tumor samples were female (42% versus 25%), East
Asian (74% versus 29%), nonsmokers (42% versus 12%), stage
IV (96% versus 84%), or had adenocarcinoma histology (92%
versus 50%) compared with patients with EGFR mutation nega-
tive (MT−) tumors. Patients with EGFR MT+ tumor samples
had outcomes suggesting improved PFS in the vandetanib arm
compared with the placebo arm (HR 0.51; 97.58% CI 0.25–1.06;
P = 0.038; median 7.6 versus 5.9 months), OS (HR 0.46; 97.52%
CI 0.14–1.57; P = 0.155; median not reached versus 18.6
months) and ORR (56.3 versus 27.8%; odds ratio 3.34; 97.5% CI
0.80–13.89; P = 0.058). There did not appear to be a benefit of
vandetanib compared with placebo in patients with EGFR MT−
tumor samples (Figures 1 and 3, supplementary Tables S1–S3,
available at Annals of Oncology online).
Although the majority of EGFR M+ tumor samples were also

EGFR FISH+, post hoc analyses suggested that patients with EGFR
M− tumors benefited from vandetanib treatment if the tumors
were EGFR FISH+ (HR 0.78; 97.58% CI 0.46–1.33) but not if they
were EGFR FISH− (HR 1.17; 97.58% CI 0.82–1.66) indicating
that the benefits of vandetanib in EGFR FISH+ tumors are not
restricted to patients with concurrent EGFR mutations (supple-
mentary Tables S4, available at Annals of Oncology online).

KRAS mutation status
A smaller proportion of patients with KRAS MT+ tumors were
Asian (12% versus 38%), nonsmokers (5% versus 19%) or had
squamous histology (9% versus 33%) compared with patients
with KRAS MT− tumors. In patients with KRAS MT+ tumors,
the data do not suggest a clear benefit for the vandetanib arm
compared with placebo in terms of PFS (HR 1.04; 97.58% CI
0.51–2.15; P = 0.898; median 2.9 versus 2.3 months), OS (HR
0.78; 97.52% CI 0.35–1.75; P = 0.485; median 6.9 versus 6.7
months), or ORR (8.7% versus 5.0%; odds ratio 1.81; 97.5% CI
0.11–30.83; P = 0.639). There was benefit of vandetanib in
KRAS MT− tumors but this was similar to that seen in unse-
lected patients (Figures 1 and 4, supplementary Tables S1–S3,
available at Annals of Oncology online).
The focus of the planned analyses was to evaluate potential

predictive markers for vandetanib plus docetaxel, but it was also
of interest to consider how the biomarker subgroups were asso-
ciated with docetaxel response. For patients in the docetaxel
alone arm, median PFS (5.9 months) and OS (18.6 months), and
ORR (28%) were higher in the EGFR MT+ subgroup than in
EGFR MT− (3.0 and 9.3 months, and 10%, respectively), In con-
trast, docetaxel treatment alone was associated with lower median
PFS and OS, and ORR values in KRAS MT+ patients (2.3and 6.7
months, and 5%, respectively) than in KRAS MT− patients (3.6
and 10.3 months, and 12%, respectively). The EGFR FISH+ and
FISH− subgroups appeared to have similar clinical efficacy out-
comes when treated with docetaxel alone (Figures 2–4, supple-
mentary Tables S3, available at Annals of Oncology online).

discussion
Vandetanib was the first shown to have additional efficacy when
added to docetaxel chemotherapy in patients with previously
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treated NSCLC, in a randomized phase II study [9]. Nonetheless,
in the subsequent phase III trial in a biomarker unselected popu-
lation, the therapeutic impact of adding vandetanib to docetaxel
yielded modest advantages in efficacy for PFS and ORR, but not

OS [5, 10]. A recent meta-analysis of six combination studies
with chemotherapy in advanced NSCLC concluded that al-
though vandetanib has clinical activity, identification of predict-
ive biomarkers is required to select subsets of patients with who
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Figure 1. Forest plots of (A) progression-free survival, and (B) overall survival by biomarker subgroups. Patients who did not consent to biomarker analyses,
or where there was no suitable tumor sample available, or where the sample was of insufficient quality, or where a sample was unevaluable were categorized as
biomarker status unknown.
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may benefit from vandetanib [11]. This prospective, exploratory
study was undertaken to evaluate which prespecified tumor bio-
markers might identify subgroups of patients who received great-
est relative benefit from vandetanib treatment in combination
with docetaxel in the ZODIAC trial.
In the EGFR FISH+ patient subgroup, PFS, OS, and ORR

had better observed outcomes in the vandetanib arm compared
with placebo. The effect size (based on HR values) appeared
large, with P values <0.025, despite the small subgroup size
(n = 123) compared with the full study population (n = 1391),
although no adjustment was made for multiplicity. Of note, the
data suggest a benefit for vandetanib in patients with EGFR

FISH+ tumors even when the tumor was EGFR M−, but no
benefit for vandetanib treatment in patients with EGFR FISH−
tumors. Other studies have suggested tumor EGFR FISH status
as a potential predictive biomarker for EGFR tyrosine kinases
in NSCLC, when used as monotherapy [12, 13] or in combin-
ation with chemotherapy [14]. In other studies, however,
this association was not observed [15] or only occurred in
EGFR FISH+ patients who also harbored a concurrent EGFR
mutation [16].
We also saw that patients with EGFR MT+ tumors had trends

favoring vandetanib in terms of ORR and PFS. The small
number of EGFR MT+ patients in this study is likely to have
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reduced our ability to detect a statistically significant effect of
vandetanib even though the effect size appeared large.
Nonetheless, our data do suggest that activating EGFR mutations
may be a marker for vandetanib benefit when used in combin-
ation with chemotherapy. Consistent with earlier studies, our
data also suggest that EGFR MT+ tumor status is a marker of
good prognosis for advanced NSCLC patients [17, 18]. The
current data provided no evidence for any differential benefit of
vandetanib treatment based on KRAS gene mutation status,
although the small number of patients with KRAS MT+ samples
means that only very marked differences would have been detect-
able. Patients with KRAS MT+ tumors appeared to do poorly

irrespective of treatment arm supporting previous suggestions
that KRASMT+ tumor status may be a marker of poor prognosis
for advanced NSCLC patients [19, 20].
Since vandetanib simultaneously inhibits both EGFR and

VEGFR2 signaling [21], it is not possible in the present study to
determine whether the biomarkers are of benefit from pharma-
cological inhibition of one or both of these targets, although the
association between benefit from vandetanib and EGFR biomar-
kers suggests that the activity of the drug is mediated, at least in
part, through inhibition of EGFR. However, in the randomized
phase III BETA study comparing the combination of erlotinib
and bevacizumab with erlotinib alone, the EGFR mutant
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subgroup appeared to derive greater benefit from the addition of
bevacizumab suggesting that dual blockade of the VEGF and
EGFR pathways may be particularly active in EGFR MT+
tumors [22]. Nonetheless, the present study raises the possibility
that the combination of docetaxel chemotherapy and an EGFR
TKI in patients with EGFR FISH+ and/or EGFR MT+ tumors
may be worthy of further investigation since previous studies
that suggested no benefit of EGFR TKIs in combination with
chemotherapy were in unselected patients. [23–26].
In the docetaxel arm alone, it is noteworthy that the EGFR

MT+ subgroup had a higher ORR compared with the EGFR MT
− subgroup (28% versus 10%). This is consistent with earlier

studies, such as the first-line IPASS study in which ORRs of
47.3% and 23.5% were observed in the EGFR MT+ and MT−
subgroups, respectively, following first-line doublet chemother-
apy [27]. Interestingly, we did not see the same trend in patients
with EGFR FISH+ tumors, where ORR rates for docetaxel alone
were not appreciably different from EGFR FISH− tumors (7%
versus 10%). This suggests that while there is some overlap in
the EGFR MUT+ and FISH+ tumors, the two groups differ in
their responsiveness to chemotherapy. In the current study,
patients with KRAS MT+ tumors treated with docetaxel alone
had a response rate of 5% (1/20), a PFS of 2.3 months, and an
OS of 6.7 months; consistent with a previous study [28]. Taken
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together, these two studies suggest that NSCLC patients with
KRAS mutations treated with docetaxel alone may have particu-
larly poor outcomes.
The current study focused on certain prespecified biomarkers

but additional tumor biomarkers associated with the other mo-
lecular targets of vandetanib might further refine the identifica-
tion of patients who get the greatest benefit from vandetanib in
NSCLC. For example tumor cell expression of VEGFR2 has
been demonstrated in lung cancer [29, 30], and although its bio-
logical role is not yet known, it may impact response to vandeta-
nib [31] and other VEGFR signaling inhibitors. In addition,
somatic gene fusions leading to RET kinase activation have been
reported recently in NSCLC patients [32–34], and these may
also represent an additional patient subgroup with the potential
to gain differential benefit from RET inhibitors, including van-
detanib [35] although the low frequency of RET mutations
among NSCLC patients makes it unlikely that this would have
significantly influenced the present study.
In conclusion, these biomarker analyses suggest that EGFR

gene copy number (EGFR FISH+) and possibly EGFR mutation
status (EGFR MT+) may be useful in identifying those patients
who receive the most clinical benefit from vandetanib plus doce-
taxel as a second-line treatment of advanced NSCLC. Additional,
prospective studies in biomarker-selected patients will be
required to confirm these observations.
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Mutant allele frequency predicts the efficacy
of EGFR-TKIs in lung adenocarcinoma harboring
the L858Rmutation
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Background:Whether the mutant allele frequency (MAF) may also have predictive implications for tyrosine kinase inhibi-
tor (TKI) therapy in patients with advanced epidermal growth factor receptor (EGFR)-mutated lung adenocarcinoma
(AELAd) remains unknown.
Patients and methods: Based on a biobanking system in conjunction with our institution, we assessed EGFR mutation
status using pyrosequencing (Py) and by outsourcing laboratory tests, such as the Cycleave (Cy) and the Scorpion
ARMS (A).
Results: Out of 705 patients enrolled in the Shizuoka Lung Cancer Mutation Study between July 2011 and March
2013, 102 AELAd patients were identified as carrying the L858R mutation (L858Rm) using Py to analyze histological
specimens. Of these 102 patients, the EGFR mutation status was assessed using both Py and Cy in 48 patients: the
median MAF of L858R (MAFLR) was 18.5% (range: 8%–82%), and 45 patients (94%) were identified as having an
L858Rm using both Py and Cy. Three patients (6%) with discrepant L858Rm findings were only identified using Py.
The plotting of a receiver operating characteristic curve to identify the discordance in L858Rm findings showed that
the area under the curve for MAFLR was 0.967 (95% confidence interval: 0.91–1) and that an MAFLR of 9% resulted
in high sensitivity (100%) and specificity (99%). Also, 29 patients with AELAd, excluding those with postoperative
recurrences, had their L858R status assessed using Cy or A. The median age, 69 years (range: 47–84 years); male/
female, 14 (48%)/15 (52%); smokers/never-smokers 13 (45%)/16 (55%); ECOG PS 0–1/2–3, 26 (90%)/3 (10%);
stage IIIB/IV, 4 (14%)/25 (86%); median MAFLR, 18% (range: 8%–63%). Patients with an MAFLR of ≤9% had a signifi-
cantly shorter progression-free survival (PFS) period after TKI therapy than those with an MAFLR of >9% (mPFS: 92
versus 284 days, P = 0.0027).
Conclusion: The MAF may be a potential predictive factor of TKI treatment efficacy in patients with AELAd carrying
the L858Rm.
Key words: mutant allele frequency, lung adenocarcinoma, EGFR mutation burden, L858R, EGFR-TKI, tumor
heterogeneity

*Correspondence to: Dr Akira Ono, Division of Thoracic Oncology, Shizuoka Cancer
Center, 1007, Shimonagakubo, Nagaizumi-cho, Sunto-gun, Shizuoka 411-8777, Japan.
Tel: +81-55-989-5222; Fax: +81-55-989-5634; E-mail: a.ono@scchr.jp

© The Author 2014. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oup.com.

original articles Annals of Oncology



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




