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Background: This study evaluated the efficacy and safety of ziv-aflibercept in combination with cisplatin and pemetrexed in non-
small cell lung cancer (NSCLC).

Methods: This single arm, multicentre phase II trial enrolled patients with previously untreated, locally advanced or metastatic
non-squamous NSCLC. Patients received intravenous ziv-aflibercept 6 mg kg� 1, pemetrexed 500 mg m� 2, and cisplatin
75 mg m� 2, every 21 days for up to six cycles. Maintenance administration of ziv-aflibercept was to continue until disease
progression, intolerable toxicity or other cause for withdrawal. The co-primary end points were objective response rate (ORR) and
progression-free survival (PFS). Planned sample size was 72 patients.

Results: The study was closed prematurely because of three confirmed and two suspected cases of reversible posterior
leukoencephalopathy syndrome (RPLS). A total of 42 patients were enrolled. Median age was 61.5 years; 55% were male, 86%
Caucasian and 50% had Eastern Cooperative Oncology Group performance status (ECOG PS)¼ 0. A median of four cycles of
ziv-aflibercept was administered. The most common treatment-emergent adverse events (TEAEs) of any grade were nausea (69%)
and fatigue (67%), with hypertension (36%) as the most common grade 3/4 TEAE. Of the 38 evaluable patients, ORR was 26% and
median PFS was 5 months.

Conclusion: Cases of RPLS had been observed in other studies in the ziv-aflibercept clinical development programme but the rate
observed in this study was higher than previously observed. This might be related to declining renal function and/or hypertension.
Although ORR and PFS were in accordance with most historical first-line NSCLC studies, this combination of ziv-aflibercept/
cisplatin/pemetrexed will not be further explored in NSCLC.
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Cancer growth is dependent upon angiogenesis to maintain a source
of nutrition and oxygen (Folkman, 1995), and vascular endothelial
growth factor (VEGF) has a key role in tumour angiogenesis (Ferrara
and Davis-Smyth, 1997). Non-small cell lung cancer (NSCLC)
produces VEGF, and high serum levels of VEGF are correlated with
poor prognosis (Korpanty et al, 2010). Anti-angiogenic therapy thus
aims to disrupt blood supply to tumours and has proven clinical
benefit in non-squamous NSCLC (Jain, 2001).

Combination chemotherapy is used for the first-line treatment
of advanced/metastatic NSCLC (Schiller et al, 2002). The addition
of the anti-VEGF antibody, bevacizumab, to carboplatin/paclitaxel
in this setting improved response rate, progression-free survival
(PFS), and overall survival (OS; Sandler et al, 2006). Similarly,
bevacizumab improved PFS when added to cisplatin/gemcitabine,
although OS was not significantly prolonged as a secondary end
point in this case (Reck et al, 2009). For non-squamous histology,
cisplatin/pemetrexed is a very active combination chemotherapy
(Scagliotti et al, 2008), and thus combinations of platinum/
pemetrexed with bevacizumab or other anti-angiogenics are of
strong interest for the first-line treatment of advanced/metastatic
non-squamous NSCLC (Patel et al, 2009b).

Ziv-aflibercept (ZALTRAP, Sanofi, Bridgewater, NJ, USA and
Regeneron Pharmaceuticals, Tarrytown, NY, USA) is a recombi-
nant fusion protein consisting of portions of human VEGF
receptor extracellular domains fused to the Fc portion of human
immunoglobulin (Gaya and Tse, 2012). Ziv-aflibercept binds
VEGF-A by acting as a high-affinity ligand trap to prevent binding
to its endogenous receptor VEGFR-2, thereby inhibiting VEGF-
induced angiogenesis in preclinical models (Lassoued et al, 2010).
Endothelial cells expressing high levels of VEGFR-2 were highly
susceptible to blockade by ziv-aflibercept (Sitohy et al, 2011).
In addition, ziv-aflibercept binds PIGF (placental growth factor) and
VEGF-B, which could potentially inhibit cancer invasion (Dowlati,
2010). Studies have investigated ziv-aflibercept as a single agent or
in combination with other chemotherapeutic agents in treatment
of various types of cancers (Lockhart et al, 2010; Tew et al, 2010;
de Groot et al, 2011; Isambert et al, 2012). In August 2012,
ziv-aflibercept was approved by the US FDA for use in metastatic
colorectal cancer based on the results of VELOUR trial (Van
Cutsem et al, 2012). A phase II study using ziv-aflibercept as
monotherapy demonstrated objective responses in heavily pre-
treated patients with advanced adenocarcinoma of the lung (Leighl
et al, 2010), and improvement in response and PFS (but not OS)
was observed in combination with docetaxel as second-line
treatment of NSCLC (Ramlau et al, 2012).

We report the results of a phase II trial of ziv-aflibercept in
combination with cisplatin and pemetrexed in patients with
advanced or metastatic non-squamous NSCLC. This study was
conducted after a phase I trial using the same regimen of
ziv-aflibercept/cisplatin/pemetrexed (Diaz-Padilla et al, 2012). That
phase I trial determined the recommended dose of ziv-aflibercept
(6 mg kg� 1 every 21 days) to be used in the current phase II trial,
which aimed to evaluate the efficacy and safety of ziv-aflibercept in
combination with cisplatin and pemetrexed in the first-line
treatment of advanced/metastatic NSCLC.

MATERIALS AND METHODS

Eligibility. Patients eligible for this study had histologically/
cytologically confirmed, untreated, locally advanced/metastatic
NSCLC, and they had to have measurable disease as per the
Response Evaluation Criteria in Solid Tumors (RECIST) criteria
(Therasse et al, 2000). Patients with squamous histology and/or
cavitating lesions were excluded. Patients were 18 years of age or
older, and had an Eastern Cooperative Oncology Group

performance status (ECOG PS) of 0 or 1, with adequate bone
marrow, renal, and hepatic functions and calculated creatinine
clearance (CrCL) X60 ml min� 1. Patients were excluded from the
study if they had brain or central nervous system metastases;
systolic blood pressure (BP) 4150 mm Hg and/or diastolic blood
pressure 4100 mm Hg; bleeding diathesis or evidence of active
bleeding; or recent significant cardiovascular, cerebrovascular, or
thromboembolic conditions.

The protocol was approved by the Institutional Review Boards
at each participating institution. Informed consent was obtained
from each patient.

Study design. This is a single arm, open label, multicentre phase II
study (ClinicalTrials.gov identifier: NCT00794417). Patients
received the three-drug combination intravenously on day 1 of
every 21 days, with ziv-aflibercept (6 mg kg� 1) first, followed by
pemetrexed (500 mg m� 2) and cisplatin (75 mg m� 2). Premedica-
tions consisted of folic acid, vitamin B12, and dexamethasone as a
prophylactic measure to reduce pemetrexed-related toxicities and
standard anti-emetics. Patients could receive up to six cycles of
combination therapy. For patients who completed the combined
chemotherapy, maintenance ziv-aflibercept every 21 days was to
continue until disease progression, intolerable toxicity, or with-
drawal from the study.

End points and assessments. The two co-primary end points
were objective response rate (ORR) and PFS. The ORR was defined
as the proportion of patients with complete response plus partial
response (CRþ PR). The PFS was defined as the time interval from
the first dose of combination chemotherapy to tumour progression
or death, whichever occurred first. Secondary variables were the
determination of the adverse events (AEs), pharmacokinetics (PK),
and pharmacodynamic profiles (including anti-ziv-aflibercept
antibody and hematopoiesis). Pharmacokinetic end points included
the area under the concentration curve, maximum concentration
(Cmax), clearance, and terminal half-life (t1/2).

Tumour imaging (CT or MRI) was performed at screening, on
day 21 (±7 days) of every even numbered cycle (every 6 weeks),
and when disease progression was suspected. Responses were
assessed using RECIST, version 1.0 (Therasse et al, 2000). Safety
and tolerability were assessed at baseline and at least every 21 days,
as evaluated by AEs and changes in laboratory parameters graded
according to the Common Terminology Criteria for Adverse
Events (CTCAE), version 3.0 (National Cancer Institute, 2006).
Ziv-aflibercept (free or bound to VEGF) in plasma samples was
quantified using a validated, direct enzyme-linked immunosorbent
assay. A validated, non-quantitative, titre-based, bridging assay was
used to detect anti-ziv-aflibercept antibodies in serum samples.

Correlative studies. The exploratory objective of the correlative
studies was to evaluate changes in erythropoiesis in response to
VEGF inhibition. It was hypothesised that VEGF inhibition would
result in an increase in haemoglobin via increased hepatic
erythropoietin production.

Statistical analysis. Statistical testing was done to determine
whether the ORR was larger than 20% or whether the PFS was
greater than 4.5 months. Exact test (one-sided) was used to test the
null hypothesis that ORR was p20% versus the alternative
hypothesis that ORR was X35%. Assuming type I error was not
42.5%, a sample of 72 patients would provide 480% power to test
the hypothesis using exact binomial test. The calculated sample size
of 72 patients would also provide 490% power to test the null
hypothesis that median PFS was p4.5 months versus the
alternative hypothesis that PFS was X6.5 months at one-sided
alpha of 2.5% using one sample log-rank test.

Safety data were to be summarised. Concentrations of free
ziv-aflibercept and adjusted bound ziv-aflibercept: VEGF complex
were to be summarised every 21 days over the duration of the study
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by nominal time point. Noncompartmental parameters were
calculated using WinNonlin (version 5.3, Pharsight Corporation,
Mountain View, CA, USA) and model 202 (constant infusion)
using nominal time points after a single dose of ziv-aflibercept. The
noncompartmental analysis was performed over the dosing
interval, 21 days following the first dose. All analyses used
statistical software SAS (version 9.1.3, Cary, NC, USA).

RESULTS

Patients. This study was closed prematurely because of three
confirmed and two suspected but unconfirmed cases of reversible
posterior leukoencephalopathy syndrome (RPLS). A total of 42
patients were enrolled from 17 participating sites across the United
States and Canada between January, 2009 and December, 2010.
Table 1 summarises the patient demographics. Median age was
61.5 years; 55% were male, 86% were Caucasian and 50% had
ECOG PS of 0.

Safety evaluation

Treatment exposure and dose modifications. All 42 patients
received at least one dose of each of the three study drugs, with a
median of 92 days of treatment (range 21–288 days). Twenty-seven
(64%) patients completed four or more cycles of the combination
treatment. A median of 4.5 (range 1–6) cycles of pemetrexed and 4
(range 1–6) cycles of cisplatin were administered. The median dose
intensity was 163.9 (range 110.1–175.5) mg m� 2 per week for
pemetrexed and 24.6 (range 15.3–26.3) mg m� 2 per week for
cisplatin. The delivered dose intensities were 98.3% for pemetrexed
and 98.5% for cisplatin. Seventeen (40%) completed six or
more cycles of ziv-aflibercept. The median dose intensity of
ziv-aflibercept was 1.97 mg kg� 1 per week, close to the planned
intensity of 2 mg kg� 1 per week. Reasons for treatment disconti-
nuation were disease progression (33%), AEs (33%), and others
(34%, including withdrawal of consent and investigator request).
Seventeen patients had at least one cycle delayed. Eleven patients
(26%) had at least 1 dose modification of ziv-aflibercept, 6 (14%) of
pemetrexed, and 11 of cisplatin.

Adverse events. Thirty-five patients (83%) experienced a treat-
ment-emergent adverse event (TEAE) of grade 3 or 4 (3/4), and 16
patients (38%) experienced a serious TEAE. The most common
TEAEs were nausea (69%), fatigue (67%), and hypertension (57%).

Hypertension, neutropaenia, and hypokalaemia were the most
common grade 3/4 TEAEs in 36%, 14%, and 10% of patients,
respectively. Table 2 summarised the most common TEAEs.
Thirty-nine patients (93%) experienced at least one haematologic
abnormality, with grade 3/4 in eight patients (19%), mostly
neutropaenia. Every patient experienced at least one abnormal

Table 1. Baseline demographics (N¼ 42)

Age (years)

Median 61.5
Range (years) 38–77

Age (years) by category N (%)

o65 23 (54.8)
X65 19 (45.2)

Gender N (%)

Male 23 (54.8)
Female 19 (45.2)

Race N (%)

African American 2 (4.8)
Asian American 4 (9.5)
Caucasian American 36 (85.7)

ECOG performance status N (%)

0 21 (50.0)
1 21 (50.0)

Abbreviation: ECOG¼Eastern Cooperative Oncology Group.

Table 2. Summary of most common (410%) TEAEs by NCI CTCAE grade
(N¼ 42)

All grades
N (%)

Grade 3/4
N (%)

Number of patients with most
common TEAE with NCI grade

40 (95.2) 27 (64.3)

Nausea 29 (69.0) 0

Fatigue 28 (66.7) 3 (7.1)

Hypertension 24 (57.1) 15 (35.7)

Constipation 21 (50.0) 0

Diarrhoea 16 (38.1) 1 (2.4)

Dysgeusia 15 (35.7) 0

Stomatitis 15 (35.7) 0

Dysphonia 14 (33.3) 0

Headache 14 (33.3) 1 (2.4)

Proteinuria 14 (33.3) 1 (2.4)

Anorexia 13 (31.0) 0

Dehydration 12 (28.6) 3 (7.1)

Dyspepsia 12 (28.6) 0

Epistaxis 11 (26.2) 0

Vomiting 10 (23.8) 0

Weight loss 10 (23.8) 0

Blood creatinine increased 8 (19.0) 0

Cough 8 (19.0) 0

Dyspnoea 7 (16.7) 1 (2.4)

Hyponatraemia 7 (16.7) 2 (4.8)

Neutropaenia 7 (16.7) 6 (14.3)

Thrombocytopaenia 7 (16.7) 3 (7.1)

Dizziness 6 (14.3) 0

Hyperglycaemia 6 (14.3) 1 (2.4)

Hypokalaemia 6 (14.3) 4 (9.5)

Hypomagnesaemia 6 (14.3) 0

Insomnia 6 (14.3) 0

Rhinorrhaea 6 (14.3) 0

Anaemia 5 (11.9) 2 (4.8)

Dry mouth 5 (11.9) 0

Hiccups 5 (11.9) 0

Hyperkalaemia 5 (11.9) 2 (4.8)

Hypocalcaemia 5 (11.9) 1 (2.4)

Musculoskeletal pain 5 (11.9) 0

Oedema peripheral 5 (11.9) 0

Pain in extremity 5 (11.9) 0

Pneumonia 5 (11.9) 2 (4.8)

Abbreviations: CTCAE¼Common Terminology Criteria for Adverse Events; TEAE¼
treatment-emergent adverse events.
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chemistry value, with grade 3/4 in 15 (36%), most commonly
hyponatraemia.

Seven patients (17%) died before clinical cutoff of the study. Five
died due to disease progression and two due to TEAEs: 1
pneumonia and 1 sepsis.

Neurological toxicities. Between 26 September, 2010 and 30
December, 2010, five patients experienced neurological symptoms,
including altered mental status in four, slurred speech in one,
seizure in two, and headache in four patients. Three patients had a
brain MRI that was consistent with RPLS (Figure 1B). Brain MRI
was negative for RPLS in two other patients. The three patients
diagnosed with RPLS were all Caucasian women, aged 38, 51, and
72 years, respectively. One of the three patients with RPLS entered
the study with a history of hypertension. All three patients
experienced elevated BP and two patients had reduced CrCL
during the therapy: one patient’s CrCL decreased by 45% from
baseline (141 to 78 ml min� 1) after one cycle, and the other’s
decreased by 20% (64 to 51 ml min� 1) after four cycles. They were
diagnosed with RPLS after one, two, and five cycles of ziv-
aflibercept, respectively. Two patients recovered from RPLS, and
one died due to disease progression before RPLS resolution.
Pharmacokinetic information was available for two of the three
RPLS patients and for one suspected case: systemic concentrations
of free ziv-aflibercept were within the range of other patients in the
treatment cohort.

In the phase I study using the same regimen (N¼ 18), five
patients experienced a mild neurocognitive disturbance but no
RPLS was diagnosed (Diaz-Padilla et al, 2012). Rare cases of RPLS
have been observed in the ziv-aflibercept clinical development
programme but the rate observed in this study (3 out of 42¼ 7%)

was much higher than previously reported (i.e., 0.5% of 3795
patients treated with ziv-aflibercept as monotherapy or in combination
with chemotherapy, ZALTRAP product insert). As a result, this
study was permanently closed to enrolment. Patients who remained
on study were re-consented with updated safety information
regarding RPLS in addition to continued close monitoring.

Hypertension and renal insufficiency are two risk factors for
RPLS. Twenty-four patients (57%) experienced hypertension (15
grade 3 but no grade 4) during the study, 15 of whom had a history
of hypertension and 12 had taken antihypertensive medications
before entering the study. Eight patients with hypertension also
experienced proteinuria. Fourteen patients (33%) experienced
proteinuria (all grades 1 or 2 except a single grade 3), none of
whom had a history of renal disease. Fourteen patients experienced
CrCL decreases during treatment, with six patients having CrCL
decreases below 60 ml min� 1 after treatment cycle 4.

Efficacy evaluation. As the study was closed prematurely, there was
no statistical power to test the primary hypothesis. Of the 42 patients
enrolled, 4 patients discontinued early from the study due to AEs (2),
consent withdrawal (1), and investigator decision (1). As they did not
have a post-baseline tumour assessment, they were excluded from the
efficacy assessment per predefined statistical analysis plan. Of the 38
patients evaluable for efficacy, the median PFS was 5 months (95%
CI, 4.3–7.1; Figure 1A), and ORR was 26% (95% CI, 12–40%), all of
which (10/38) were PR. The disease control rate (PRþ stable disease)
was 89% (26%þ 63%). A mean reduction of 20% was observed in
average percentage changes over time in tumour burden (sum of
largest diameters of target lesions) from baseline.

Of the 38 patients evaluable for efficacy, 22 (58%) developed
hypertension as AE during the study. Seven (7 out of 22¼ 32%)
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Figure 1. (A) The Kaplan–Meier curve of PFS (N¼38). Median PFS: 5 months (95% CI, 4.3–7.1). (B) Brain MRI of a patient diagnosed with RPLS.
Extensive increased T2 signal of a few scattered areas of restricted diffusion and vasogenic oedema in the frontal cortex/subcortical regions near
the vertex, and the parietal and occipital regions bilaterally (arrows). No focal enhancing lesions to suggest metastatic disease.
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had a PR compared with only three with no hypertension (3 out of
16¼ 18%), suggesting that patients who developed hypertension
may have had a higher likelihood of response to this treatment.

Correlative studies. Participation in the correlative studies was
optional. Erythropoietin levels were obtained from 16 patients.
No trend towards increase in haemoglobin or change in
erythropoietin level was seen over time.

Pharmacokinetic and antibody evaluation. Twenty-three
patients participated in blood sampling for PK analysis. Mean
observed noncompartmental PK parameters for free ziv-aflibercept
are presented in Table 3. The concentration–time profiles and PK
of free ziv-aflibercept and adjusted bound ziv-aflibercept: VEGF
were consistent with results in the phase I study (Diaz-Padilla et al,
2012). Mean trough concentrations after the second ziv-aflibercept
dose plateaued and remained at B10 mg l� 1. The mean adjusted
bound ziv-aflibercept:VEGF complex Cmax was 7.81 mg l� 1.
Trough concentrations plateaued after day 42 and remained
constant for the remainder of the study.

Two patients had one sample each that was positive in the anti-
drug antibody (ADA) assay. One was positive at baseline, but did
not have an antibody titre drawn at the end of treatment (EOT)
visit. This patient completed all six cycles of combination
treatment without dose delay/reduction or grade 3/4 AEs and
had stable disease. The other one was negative at baseline but
positive at the EOT visit. This patient experienced anaphylaxis
20 minutes after start of the ziv-aflibercept infusion on day 1 of the
second cycle. Study drug was permanently withdrawn. This patient
had PK parameters and a concentration–time profile different
from ADA-negative patients, probably because of the ADA
formation.

DISCUSSION

Ziv-aflibercept has been tested as a single agent and in
combination with chemotherapy in the treatment of NSCLC
(Leighl et al, 2010; Ramlau et al, 2012). On the basis of activity and
safety profile, we conducted the current phase II study to explore
the efficacy of ziv-aflibercept in the first-line setting. Similar to

ECOG 4599, AVAiL, and PointBreak trials (Sandler et al, 2006;
Patel et al, 2009a; Reck et al, 2009), this study was designed to test a
three-drug regimen including an anti-angiogenesis agent, in this
case ziv-aflibercept/cisplatin/pemetrexed. In addition, maintenance
therapy with single-agent ziv-aflibercept was intended to prolong
the benefits and delay the development of resistance. This
approach was first tested in a phase I dose-escalation study that
used the same regimen of ziv-aflibercept/cisplatin/pemetrexed in
18 patients with advanced solid tumours (Diaz-Padilla et al, 2012).

Our study population was representative of patients with
advanced NSCLC. Overall, the median ziv-aflibercept dose
intensity was similar to the planned intensity. The delivered dose
intensities of pemetrexed/cisplatin in this study were over 98%,
higher than those in the pemetrexed/cisplatin arm (94.8% and
95.0%, respectively) of the phase III trial (Scagliotti et al, 2008).
The PK of ziv-aflibercept in this study was characterised as
nonlinear and similar to that observed in the phase I study. The
mean observed terminal t1/2 was independent of ziv-aflibercept
dose. Administration of ziv-aflibercept did not alter pemetrexed
PK. Development of ADA was a rare event, leading to reduced
drug concentration in one patient who experienced anaphylaxis.
As with all therapeutic proteins, there is a potential for immuno-
genicity; however, severe hypersensitivity reactions are rare. Although
this study was terminated early, the two co-primary end points,
ORR of 26% and median PFS of 5 months, were in accordance with
most historical first-line NSCLC studies (Schiller et al, 2002;
Scagliotti et al, 2008) and slightly less than triplet regimens
incorporating another anti-VEGF agent (Sandler et al, 2006; Reck
et al, 2009). However, there was no statistical power to test the
primary hypothesis that ziv-aflibercept would enhance the efficacy
of standard chemotherapy in NSCLC.

Biomarkers that can reliably predict the degree of VEGF
blockade in vivo are currently not available. Preclinical studies
identified increased erythropoietin production and erythropoiesis
as a possible surrogate marker of VEGF inhibition, as animal
data indicate that stringent VEGF inhibition, including by
ziv-aflibercept, modulates erythropoiesis via increased hepatic
erythropoietin synthesis (Tam et al, 2006). Bevacizumab has also
been associated with increased haemoglobin in NSCLC (Riess et al,
2012) and reduced anaemia (Sher and Wu, 2011). Therefore, this
study explored whether the increase in haemoglobin observed
previously could be reproduced in the presence of chemotherapy
and would correlate with anti-angiogenic activity. No trend
towards increase in haemoglobin or change in erythropoietin level
was found in a small subset of patients. However, as in the phase I
study, a stabilisation of median haemoglobin values for multiple
cycles as well as low rate of all-grade anaemia was observed. The
result provides some support for the hypothesis that VEGF is a
negative regulator of erythropoiesis, and its inhibitors may have a
role in the management of anaemia.

The toxicity profile of this trial was consistent with published
data on cisplatin plus pemetrexed and with the known effects of
ziv-aflibercept with the exception of a higher than anticipated rate
of RPLS (Gadgeel, 2012). Hypertension was the third most
frequent TEAE and is a known adverse effect of anti-VEGF
therapies. However, higher response rate was observed among
patients who developed hypertension during the treatment than
among those who did not in a post hoc analysis. This observation is
consistent with data from ECOG 4599 that suggested improved
outcomes associated with bevacizumab in patients developing
hypertension on therapy (Dahlberg et al, 2010).

Although cases of RPLS have been observed in other
ziv-aflibercept studies, the 7% rate observed in this study was
much higher. It should be noted that the dose and schedule of
ziv-aflibercept in this study at 6 mg kg� 1 every 21 days is different
from the one approved in colorectal cancer at 4 mg kg� 1 every 14
days (Van Cutsem et al, 2012), although the dose intensity is the

Table 3. Mean (s.d.) observed noncompartmental pharmacokinetic
parameters for free ziv-aflibercept

Ziv-aflibercept

Parameter N Mean s.d.

t1/2 Day 7 4.62 1.46

CL l per day per kg 7 0.016 0.004

Vss l kg� 1 7 0.081 0.015

Cmax mg l� 1 21 104 26.2

Clast mg l� 1 21 65.2 50.8

tmax Day 21 0.0695 0.019

tlast Day 21 7.02 9.32

AUCinf Day�mg l� 1 7 402 100

MRTinf Day 7 5.35 1.28

Abbreviations: AUCinf¼ area under the concentration curve from time zero extrapolated to
infinity; CL¼ clearance; Clast¼ last positive plasma concentration; Cmax¼maximal plasma
concentration; MRTinf¼mean residence time extrapolated to infinity; tlast¼ time of the last
positive plasma concentration; tmax¼ time required to reach maximal plasma concentration;
t1/2¼observed half-life; Vss¼ volume of distribution at steady state.
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same at 2 mg kg� 1 per week. At the recommended phase II dose of
6 mg kg� 1 for ziv-aflibercept, no RPLS was reported in the phase I
study that used the same regimen (N¼ 7 at that dose level; Diaz-
Padilla et al, 2012), or in another phase I study of ziv-aflibercept/
cisplatin/docetaxel (N¼ 17 at that dose level; Freyer et al, 2012),
nor in combination with docetaxel in the VITAL study (N¼ 456 in
the combination arm; Ramlau et al, 2012). A meta-analysis of
safety data from three large placebo-controlled studies reported no
RPLS among 1333 patients treated with ziv-aflibercept in
combination with standard chemotherapy (Allegra et al, 2012).
It is likely that the development of RPLS may be regimen
dependent rather than dose or schedule dependent.

Reversible posterior leukoencephalopathy syndrome is
described as a brain-capillary leak syndrome frequently related to
hypertension, fluid retention, and possibly the cytotoxic effects of
immunosuppressive agents on the vascular endothelium (Hinchey
et al, 1996). Risk factors include female sex, hypertension, and
renal dysfunction (Vaughn et al, 2008), as well as anticancer
agents: 75% were diagnosed in women and 71% were associated
with combination regimens (Marinella and Markert, 2009).
Bevacizumab and gemcitabine have been most commonly
associated with RPLS. Treatment including cisplatin without
concomitant anti-VEGF therapy has been associated with RPLS
(Ito et al, 1998), whereas pemetrexed, before this study, was not.
Consistent with the literature, the three cases of RPLS were all
diagnosed in women, which may be related to an anticancer drug–
oestrogen interaction inducing altered cerebral vasoreactivity and
endothelial dysfunction. Agents that decrease VEGF signalling
increases the risk of RPLS (including bevacizumab, sunitinib,
sorafenib, and ziv-aflibercept), suggesting a class effect toxicity
(Glusker et al, 2006). Clinical features of RPLS are neurological
symptoms characterized by headaches, altered mental status, visual
disturbances, or seizures, and systemic signs such as hypertension.
Onset is variable ranging from hours to 1 month after completing
therapy (Lee et al, 2008). Characteristic findings in brain MRI
demonstrate bilateral, symmetric parieto-occipital subcortical and
cortical vasogenic oedema (Bartynski, 2008). Removal of the
causative agent and treatment of hypertension and renal
insufficiency are indicated for RPLS, which is usually, but not
always, reversible clinically.

In conclusion, this phase II study was designed to evaluate
ziv-aflibercept in combination with cisplatin and pemetrexed in
patients with untreated, advanced/metastatic non-squamous NSCLC.
However, three confirmed and two suspected but unconfirmed cases
of RPLS led to the early termination of the trial. The reason for the
increased incidence of RPLS might be related to declining CrCL
and/or increased BP. Although ORR and median PFS were in
accordance with most historical first-line NSCLC studies, this
combination of ziv-aflibercept/cisplatin/pemetrexed will not be
further pursued in NSCLC. Future efforts to identify predictive
biomarkers of anti-VEGF agents are warranted.
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