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Disease Control as a Predictor of Survival with Gefitinib and
Docetaxel in a Phase Ill Study (V-15-32) in Advanced
Non-small Cell Lung Cancer Patients

Nobuyuki Yamamoto, MD, PhD,* Yutaka Nishiwaki, MD, PhD,} Shunichi Negoro, MD,}

Haiyi Jiang, MD,§ Yohji Itoh, PhD,§ Nagahiro Saijo, MD, PhD,

Introduction: This post hoc analysis investigated the relationship
between tumor response and overall survival (OS) in pretreated
advanced non-small cell lung cancer (NSCLC).

Methods: We conducted landmark survival analyses of V-15-32, a
phase 111 study comparing gefitinib with docetaxel in pretreated
advanced NSCLC. Best response at weeks 8, 12, 16, and 20, and
visit response at week 4, were evaluated.

Results: Disease control (DC; complete response [CR], partial
response [PR], or stable disease) was a better predictor of OS than
CR/PR at all time points. The strongest predictor of OS for both
gefitinib and docetaxel was DC at week 8 (hazard ratio [HR] DC
versus non-DC: 0.30, 95% confidence interval [C1] 0.20-0.45, p <
0.001 for both treatments). DC at week 4 was also associated with
longer survival compared with non-DC for both treatments (HR
0.33,95% CI 0.23-0.49, p < 0.001 for gefitinib; HR 0.30, 95% C1
0.19-0.47, p < 0.001 for docetaxel).

Discussion: DC is a better predictor of OS with gefitinib and
docetaxel than CR/PR in advanced pretreated NSCLC, with a best
response of DC at week 8 the strongest predictor.

Key Words: Docetaxel, Epidermal growth factor receptor tyrosine
kinase inhibitors, Gefitinib, Landmark analysis, NSCLC.
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Patients with advanced/metastatic non-small cell lung can-
cer (NSCLC) have a poor prognosis, with less than 10%
of patients experiencing tumor shrinkage equating to a com-
plete response or partial response (CR or PR) with standard
second-/third-line chemotherapy.'-* However, many patients
do achieve nonprogression or disease control (DC; the sum of
CR, PR, and stable disease [SD]), with approximately 35 to
45% of patients achieving SD in clinical trials.’-4 In the
setting of advanced NSCLC, SD may be a positive therapeu-
tic outcome, with potential benefits including improved qual-
ity of life and prolonged survival.56 In a prospective,
randomized study of erlotinib in advanced NSCLC after
first-/second-line chemotherapy, there was significant pro-
longation of survival with erlotinib compared with placebo
(6.7 versus 4.7 months, respectively; hazard ratio [HR]
0.61, p < 0.001), despite a response rate of <10%; one
possible explanation for this is that a high proportion of
patients had SD during therapy and this may have contrib-
uted to the prolongation in survival. In clinical trials,
response based on the Response Evaluation Criteria in
Solid Tumors (RECIST) is widely used to identify and
quantify the antitumor activity of new agents, providing a
relatively quick assessment of efficacy; however, its value
as a predictor of a survival benefit remains unclear.?
Based on the fact that many more patients initially
achieve nonprogression than CR or PR, Lara et al.* first
hypothesized that the rate of nonprogression, or DC, is a
stronger predictor of clinical benefit than CR/PR after plati-
num-based chemotherapy in patients with advanced NSCLC.
In a pooled analysis of data from 984 patients with advanced
NSCLC who entered into three randomized trials of first-line
platinum-based chemotherapy, landmark survival analysis
showed that DC versus non-DC at week 8 was a stronger
predictor of longer survival (HR 0.45; p < 0.0001) than the
traditional CR/PR versus non-CR/PR (HR 0.61, p < 0.001).
A study conducted using landmark analysis also found that a
decrease or no change in tumor size at week 8 was signifi-
cantly associated with longer survival (p = 0.043) in patients
with advanced NSCLC who received first-line chemotherapy
in the Four-Arm Cooperative Study or pemetrexed as salvage
therapy for previously treated disease.” A meta-analysis of
the published literature that included 28 phase II/II trials in
6171 patients with advanced NSCLC receiving gefitinib or
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erlotinib found a significant correlation between both re-
sponse rate and DC with survival (p < 0.0001 and p = 0.003,
respectively).10

Gefitinib is an orally bioavailable, epidermal growth
factor receptor (EGFR) tyrosine kinase inhibitor and was the
first molecular-targeted drug approved for NSCLC. A recent
large international phase IIT study (IRESSA NSCLC Trial
Evaluating REsponse and Survival versus Taxotere) compar-
ing gefitinib and docetaxel in 1466 patients with pretreated (at
least one platinum-based regimen) advanced NSCLC estab-
lished noninferior survival of gefitinib compared with do-
cetaxel (HR 1.02, 96% confidence interval [CI] 0.91-1.15;
noninferiority margin 1.154)."" A similar phase III study,
V-15-32, compared gefitinib with docetaxel in 489 patients in
Japan with advanced NSCLC who had failed one or two
chemotherapy regimens.'? Noninferiority in overall survival
(OS) was not proven (HR 1.12, 95.24% CI 0.89-1.40; non-
inferiority margin 1.25), although there was no significant
difference in OS (p = 0.330) or in progression-free survival
between treatments. The objective response rate was 22.5%
in the gefitinib group and 12.8% in the docetaxel group (odds
ratio 2.14, 95% CI 1.21-3.78, p = 0.009). Gefitinib also
significantly improved quality of life versus docetaxel and
was associated with a lower incidence of grade 3/4 adverse
events (40.6% versus 81.6%, respectively).

The aim of this post hoc landmark analysis was to
assess the relationship between tumor response and OS in
Japanese patients with advanced, previously treated NSCLC
who received gefitinib or docetaxel in the V-15-32 study.

PATIENTS AND METHODS

The methodology and overall study results for V-15-32
(clinicaltrials.gov identifier NCT00252707) have been re-
ported in full previously.!2 Tumor responses were assessed by
RECIST'? at baseline, every 4 weeks for the first 24 weeks,
and every 8 weeks thereafter.

Two types of objective tumor response were assessed:
visit response (CR/PR, SD, or progressive disease [PD]) at
week 4 and best overall response (CR/PR, SD, or PD) up to
weeks 8, 12, 16, and 20. In the analysis of best response,
patients who eventually had a CR/PR but not by the time
point were classified as having SD; patients who eventually
had SD but not by the time point (because of missing values
or being not evaluable [NE]) were classified as NE. PD
included “symptomatic deterioration.” For the purposes of
the analyses reported here, DC was defined as CR/PR/SD
where SD is defined as SD lasting =6 weeks after random-
ization, instead of =12 weeks used in the previous report.!2
In the analysis of visit response at week 4, CR/PR/SD were

TABLE 1. Landmark Analysis of Overall Survival by Best Response up to Weeks 8, 12, 16, and 20, and Visit Response at Week

4 (Evaluable for Response Population)

Comparison
- Best Response. Survival HR (95% CI), p
for CR/PR vs. non-
Treatment Week Statistics Response CR/PR SD PD CR/PR DC vs. non-DC
Best response analysis
Gefitinib 8 No. of patients (%) 182 (91.0) 28 (14.0) 52 (26.0) 102 (51.0) 0.55 (0.31-0.96) 0.30 (0.20-0.45)
No. of deaths 119 14 23 82 0.034 <0.001
12 No. of patients (%) 173 (86.5) 40 (20.0) 42 (21.0) 91 (45.5) 0.44 (0.26-0.73) 0.32(0.22-0.48)
No. of deaths 109 17 20 72 0.002 <0.001
16 No. of patients (%) 160 (80.0) 42 (21.0) 40 (20.0) 78 (39.0) 0.47 (0.28-0.80) 0.36 (0.23-0.54)
No. of deaths 95 17 19 . 59 0.005 <0.001
20 No. of patients (%) 151 (75.5) 45 (22.5) 37(18.5) 69 (34.5) 0.46 (0.27-0.78) 0.40 (0.26-0.62)
No. of deaths 86 17 19 50 0.004 <0.001
Docetaxel 8 No. of patients (%) 173 (92.5) 8(4.3) 71 (38.0) 94 (50.3) 0.64 (0.24-1.75) 0.30 (0.20-0.45)
No. of deaths 107 4 29 74 0.386 <0.001
12 No. of patients (%) 170 (90.9) 18 (9.6) 64 (34.2) 88 (47.1) 0.35 (0.15-0.79) 0.33 (0.22-0.50)
No. of deaths 104 6 30 68 0.012 <0.001
16 No. of patients (%) 160 (85.6) 21(11.2) 61 (32.6) 78 (41.7) 0.49 (0.25-0.98) 0.37 (0.25-0.57)
No. of deaths 94 9 27 58 0.044 <0.001
20 No. of patients (%) 150 (80.2) 24(12.8) 57 (30.5) 69 (36.9) 0.54 (0.28-1.05) 0.41 (0.27-0.63)
No. of' deaths 84 10 25 49 0.070 <0.001
Visit response analysis
Gefitinib 4 No. of patients (%) 172 (86.0) 33 (16.5) 83 (41.5) 56 (28.0) 0.44 (0.26-0.76) 0.33 (0.23-0.49)
f No. of deaths 114 15 52 47 0.003 <0.001
Docetaxel 4 No. of patients (%) 156 (83.4) 11(5.9) 105 (56.1) 40 (21.4) 0.85 (0.37-1.94) 0.30(0.19-0.47)
No. of deaths 92 6 54 32 0.695 <0.001

HR <1 implics a lower
“Visit response for week 4.

isk of death for thosc paticnts with CR/PR vs. non-CR/PR or DC vs. non-DC.

Cl, confidence interval; CR. complete response; DC, disease control (CR, PR, or SD); HR, hazard ratio; PD, progressive disease: PR, partial response; SD, stable discase.
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FIGURE 1. Overall survival by best response up
to week 8 after treatment with (A) gefitinib or (B)
docetaxel (evaluable for response population).

defined according to RECIST (tumor shrinkage) without
considering the duration of each status. In the analysis of visit
response at week 4, if a patient was judged as “symptomatic
deterioration” before the time window of week 4 defined in
the protocol (25-31 days), it was assumed to occur at week 4.

Landmark analysis is a valid method of comparing
survival by response category'+ and determines each patient’s
response at a fixed time point, with survival estimates calcu-
lated from that time point and associated statistical tests being
conditional on patients’ landmark responses. Patients who die
before the landmark time point are excluded from the anal-
ysis. In this study, landmark analysis was performed to assess
the associations of best response and visit response outcomes
with OS in the evaluable for response population (defined as
patients with =1 measurable lesion at baseline by RECIST),
excluding NE patients. Separate Cox regression models for
each treatment group and time point in patients in the evalu-
able for response population who were alive at the response
assessment time point were used to determine HRs for com-
paring response groups (CR/PR versus non-CR/PR, DC ver-
sus non-DC).

1044

CR, complete response; PD, progresssive discase; PR, partial response; S, stable disease

RESULTS

The evaluable for response population included 200
patients randomized to gefitinib and 187 patients randomized
to docetaxel. ’

At each time point (best response at weeks 8, 12, 16,
and 20), and for both treatments, survival was significantly
longer among patients with DC compared with non-DC
(Table 1). Similarly, survival was longer among patients with
CR/PR compared with non-CR/PR. However, DC was a
stronger predictor of survival than CR/PR, with smaller HRs
for both treatments at all time points. The HR of DC versus
non-DC was smallest at week 8 than at later time points in
both treatment groups (HR 0.30, 95% CI 0.20-0.45,
p <0.001 with both gefitinib and docetaxel). Both CR/PR and
SD as best response at week 8 were associated with longer
survival times compared with PD for both gefitinib and
docetaxel (Figure 1), although the docetaxel data are harder
to interpret because of the small number of responders. In the
gefitinib group, OS was similar among patients with CR/PR
and those with SD as their best response at week 8 (Figure

Copyright © 2010 by the International Association for the Study of Lung Cancer
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14). With both treatments, survival in patients with SD by
week 8 tracked closer to survival in patients with CR/PR than
to those with PD. A similar pattern of results was obtained by
best response at weeks 12, 16, and 20 (data not shown).

Consistent with the findings for best response at later
time points, at week 4, a visit response of DC was associated
with longer survival compared with non-DC for both gefitinib
and docetaxel, with smaller HRs than CR/PR versus non-
CR/PR (Table 1). The magnitude of effect was similar at
week 4 (visit response analysis) to week 8 (best response
analysis) (gefitinib HRs of 0.33 [week 4] and 0.30 [week 8];
docetaxel HRs of 0.30 [week 4] and 0.30 [week 8]). In both
treatment groups, the Kaplan-Meier survival curves for pa-
tients with CR/PR and for those with SD were separated from
those with PD by visit response at weck 4 (Figure 2). In the
gefitinib group, there was also some separation in the survival
curves between the CR/PR and SD subgroups at week 4. This
was difficult to assess for the docetaxel group because of the
small number of responders.

Comparing visit response at week 4 to best response at
week 8 shows that most patients with a best response of
CR/PR at week 8 also had a visit response of CR/PR at week

Copyright © 2010 by the International Association for the Study of Lung Cancer

week 4 after treatment with (A) gefitinib or (B)
docetaxel (evaluable for response population).

4 (27 of 28 [96%)] on gefitinib; 8 of 8 [100%] on docetaxel).
Similarly most patients with a best response of DC at week &
also had a visit response of DC at week 4 (75 of 80 [94%)] on
gefitinib, 78 of 79 [99%] on docetaxel) (Table 2). Of those
patients with a visit response of DC at week 4, 75 of 116
(65%) on gefitinib and 78 of 116 (67%) on docetaxel main-
tained DC at week 8.

DISCUSSION

In this landmark survival analysis of data from a single
randomized phase III study, we found that DC was a better
predictor of OS than CR/PR at all time points in previously
treated Japanese patients with advanced NSCLC. The stron-
gest predictor of OS for both gefitinib and docetaxel was DC
as best response at week 8. Once a patient has PD, survival
outcome is predicted to be markedly poorer than for patients
without PD at that time. In addition, DC and CR/PR at the
week 4 visit were also early predictors of survival for both
gefitinib and docetaxel. Consistent with the later findings at
week 8, DC at week 4 was a stronger predictor of survival
than CR/PR. The strength of the predictive value of DC for
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TABLE 2. Relationship Between Visit Response at Week 4 and Best Response at Week 8

(Evaluable for Response Population)

Best Response at Week 8

Treatment CR/PR SD PD NE Dead Total
Gefitinib
Visit response at week 4
CR/PR 27 6 0 0 0 33
SD 0 42 39 1 1 83
PD 0 0 53 0 3 56
NE 1 4 10 2 9 26
Dead 0 0 0 0 2 2
Total 28 52 102 3 15 200
Docetaxel
Visit response at week 4
CR/PR 8 1 1 1 0 11
SD 0 69 34 2 0 105
PD 0 0 40 0 0 40
NE 0 1 19 5 5 30
Dead 0 0 0 0 1 1
Total 8 ! 94 8 6 187

CR, complete response: PD, progressive disease; PR, partial response; SD. stable disease; NE. not evaluable.

survival was similar at weeks 4 and 8, suggesting that the
visit response at week 4 may potentially be used as an early
predictor of survival.

These results are consistent with those of Lara et al.®
and Yamamoto et al.,’ supporting the concept that week 8 is
a landmark time point for advanced NSCLC patients for
systemic therapy regardless of line of therapy. Lara et al.$
found no substantial new findings from analyses at later time
points (weeks 14 and 20), compared with week 8 of therapy.
However, although in the current analysis visit response at
week 4 was a predictor of survival, as well as best response at
week 8, during second- or third-line treatment with either do-
cetaxel or gefitinib, in our previous analysis of other studies
employing first-line chemotherapy or pemetrexed as salvage
therapy, week 4 was not a landmark time point, with no signif-
icant associations found between response and survival.?

Lara et al.# also found that DC at week 8 was a better
predictor of survival than CR/PR after platinum-based che-
motherapy in the first-line setting using either Southwest
Oncology Group (modified World Health Organization) tu-
mor response criteria or RECIST to define response.® In our
earlier landmark analysis, tumor shrinkage rate (defined as a
decrease or no change in tumor size) at week 8 was signifi-
cantly associated with longer survival after first-line plati-
num-based chemotherapy or after salvage therapy with pem-
etrexed.” It has been suggested that because of the mechanism
of action, it might be more important to achieve SD with
EGFR tyrosine kinase inhibitors such as gefitinib than with
cytotoxic chemotherapys; however, the relationship between
DC and survival seemed similar for docetaxel and gefitinib in
the current analyses.

EGFR mutation is predictive of outcome to ge-
fitinib'5-'7 and it would have been interesting to have looked
at the impact of EGFR mutation on our analysis. However, in
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this study, data on EGFR mutation were limited due to the
fact that informed consent for tissue collection was obtained
at a very late stage of the study and consequently was
obtained from patients with relatively longer survival. Thus,
biomarker analyses were not performed because analyzing
these samples would have introduced considerable bias.

These data suggest that DC could give an early indica-
tion of OS time; whether this is a true surrogate for OS benefit
is yet to be determined. If proven, DC could be used as a
predictor in early phase development and as a possible end
point in phase II trials. There are also implications for
medical practice, raising the importance of continuing to treat
patients who achieve SD because of the potential survival time;
patients who achieve SD have a survival outcome similar to
those patients with a CR/PR, suggesting that they should remain
on the same treatment rather than switch to an alternative
therapy because they are considered not to have responded to
treatment. Further validation of DC as a predictor or surrogate of
survival benefit in a prospective study is required.

In conclusion, our data suggest that DC is a stronger
predictor of subsequent survival than the traditional CR/PR in
patients receiving second- or third-line gefitinib or docetaxel
for advanced NSCLC, as previously shown for patients who
received first-line platinum-based chemotherapy. These re-
sults suggest that patients with DC should remain on their
current treatment rather than switching. The strongest predic-
tor of OS for both gefitinib and docetaxel was DC as best
response at week 8.
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Bortezomib, a selective 265 proteasome inhibitor, has shown clini-
cal benefits against refractory multiple myeloma. The indirect anti-

i activity of bor ib has been widely recognized;
A gl 'y mechanism of bortezomib on vas-
cular endothelial cells remains unclear, especially on the cell cycle.
Here, we showed that bortezomib (2 nM of the ICs, value)
potently inhibited the cellular growth of human umbilical vascular
endothelial cells (HUVECs) via a vascular endothelial growth factor
receptor (VEGFR)-ind | mechanism Iting in the induc-
tion of apoptosis. Bortezomib significantly increased the vascular
per bility of HUVECs, wt a VEGFR-2 tyrosine kinase inhibi-
tor decreased it. Interestingly, a cell cycle analysis using flow
cy y. the i ini of ph i H3, and
Giemsa g led that bor i pp the G2/M
transition of HUVECs, wh the mitotic inhibi paclitaxel
induced M-phase accumulation. A further analysis of cell
cycle-related proteins revealed that bortezomib increased the
expression levels of cyclin B1, the cdc2/cyclin B complex, and the
phosphorylation of all T14, Y15, and T161 residues on cdc2. Bort-
ezomib also increased the ubiquitination of cyclin B1 and wee1,
but inhibited the kinase activity of the cdc2/cyclin B complex.
These protein modifications support the concept that bortezomib
suppresses the G2/M transition, rather than causing M-phas
arrest. In conclusion, we d 1 that bor ib p ly
inhibits cell growth by suppressing the G2/M modifying
G2/M-phase-related cycle regulators, and increasing the vascular
per bility of vascular endothelial cells. Our findi reveal a cell
cycle-related mode of action and strongly suggest that bortezomib
exerts an additional unique vascular disrupting effect as a vascular
targeting drug. (Cancer Sci 2010; 101: 1403-1408)

h 1 sth-i

T he proteasome is an essential enzyme complex for nonlys-
osomal and ATP-dependent proteolytic pathways. The
ubiquitin—proteasome pathway plays an important role in the
intracellular degradation of damaged, oxidized, or misfolded
proteins" as well as in the cell cycle progression. Such dam-
aged, oxidized, or misfolded proteins have been identified as
3 Py (1,5-7) :
substrates for the ubiquitin/proteasome system. In addi-
tion, this system has been implicated in the regulation of cell
proliferation, differentiation, survival, apoptosis, and angiogene-
sis.®9 Because of these unique effects of the protea-
some/ubiquitin system on cellular regulation, the proteasome is
anovel and promising target for cancer therapy.!'®'?
Bortezomib (Velcade, PS-341), a selective 26S proteasome
inhibitor, demonstrates potent antitumor activity against sev-
eral human cancers and has been clinically used mainly in
patients with refractory multiple myeloma."'*"® The main
mechanism of action of this drug was initially thought to be

doi: 10.1111/].1349-7006.2010.01544.x
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the inhibition of nuclear factor-xB (NF-kB), which acts as a
transcription factor for anti-apoptotic proteins, such as Bcl-2,
c-IAP2, and survivin. Accumulating data indicates that bort-
ezomib disrupts the cell cycle by modifying cyclins and
inhibits the up-regulation of interleukin-6 (IL-6), which plays
an important role in the proliferation of myeloma cells, by
inhibiting NF-xB and stabilizing p53, p21, and p27, resulting
in its anticancer activity.1%'%)

Bortezomib exerts an anti-angiogenic effect by decreasing the
secretion of vascular endothelial growth factor (VEGF) from
myeloma cells."*>” This anti-angiogenic effect of bortezomib
is considered an indirect effect on vascular endothelial cells
resulting from ligand depletion. Meanwhile, direct negative pro-
liferative effects of bortezomib on vascular endothelial cells
have emerged which play an important role in its anti-angio-
genic activity. Roccaro ef al.®” reported that bortezomib induces
inhibition of angiogenesis in functional assays of angiogenesis,
including chemotaxis, adhesion to fibronectin, capillary forma-
tion on Matrigel, and chick embryo chorioallantoic membrane
assay using multiple myeloma patient-derived endothelial cells
and human umbilical vein endothelial cells (HUVECs). Podar
et al.?" reported that Caveolin-1 is a molecular target of bort-
ezomib in multiple myeloma cells and HUVECs and this is
required for VEGF-triggered multiple myeloma. However the
underlying mechanism responsible for the direct negative prolif-
erative effect of bortezomib on vascular endothelial cells
remains unclear, especially with regard to its effect on the cell
cycle.

To gain insight into the direct anti-angiogenic effects of bort-
ezomib on HUVECs, we examined cellular proliferation, tube
formation, VEGF receptor-2 (VEGFR-2) signaling, the apopto-
tic pathway, vascular permeability, cell cycle analysis, and
effects of drugs on cell cycle-related proteins.

Materials and Methods

Anticancer agents. Bortezomib was provided by Millennium
Pharmaceuticals (Cambridge, MA, USA). The VEGFR-2 tyro-
sine kinase inhibitor (VEGFR-2-TKI) Ki8751 (ICso value for
VEGFR-2 kinase inhibition = 0.90 nM) was purchased from
Sigma (St. Louis, MO, USA). Paclitaxel was purchased from
Wako Pure Chemical Industries (Osaka, Japan). Each chemical
agent was dissolved in dimethylsulfoxide for use in the in vitro
experiments.

“To whom correspondence should be addressed.
E-mail: knishio@med.kindai.ac.jp
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Cell cultures. HUVECs were maintained in Humedia-EG2
(Kurabo, Tokyo, Japan) with 2% fetal bovine serum and 0.1%
gentamicin-amphotericinB with the addition of 10 ng/mL of
epidermal growth factor, 5 ng/mL of fibroblast growth factor,
and 2 ng/mL of VEGF (R&D Systems, Minneapolis, MN,
USA). All the cell lines were incubated at 37°C with humidified
5% CO,.

In vitro growth inhibition assay. Growth inhibition was eval-
vated using the MTT assay, as described previously. 2 The
experiment was performed in triplicate.

Western blotting. The antibodies used for western blotting
were anti-phospho-VEGFR-2 (Tyr1175), anti-VEGFR-2, anti-
MAPK, anti-phospho-MAPK, anti-B-actin, anti-cleaved or non-
cleaved-caspase3, anti-cleaved or non-cleaved-poly ADP-ribose
polymerase (PARP), anti-cyclin B1, anti-phospho-cdc2, anti-
cdc2, anti-phospho-weel, anti-weel, anti-phospho-cdc25C, anti-
¢dc25C, anti-phospho-chk1 and -2, and anti-chk1 and -2 (Cell
Signaling, Beverly, MA, USA). HUVECs were cultured over-
night in serum-starved medium and then exposed to the indi-
cated concentrations of bortezomib or Ki8751 for 3 h before the
addition of 10 ng/mL of VEGF for 5 min. The western blot
analysis was performed as described previously.* The experi-
ment was performed in duplicate.

Immunoprecipitation. Total cell lysates were immunoprecipi-
tated with anti-weel, cdc2 antibodies (Cell Signaling), or anti-
cyclin BI antibody (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) overnight at 4°C. The protein complex was incubated with
protein G-agarose (Invitrogen, San Diego, CA, USA) for 1 h at
4°C and washed three times with lysis buffer. After sequential
centrifugation and washing, the pellets were resuspended in
1.5 x sample loading buffer and subjected to immunoblot analy-
ses.

Cell cycle analysis.- Cells were treated with the indicated con-
centrations of bortezomib for 24 h. The cells were then har-
vested, washed with PBS, fixed with 70% ethanol at —20°C
overnight, washed again with PBS, and then stained with
5 pg/mL of propidium iodide containing 0.1% Triton X-100,
0.1 mM EDTA, and RNase I (BD Bioscience, San Jose, CA,
USA). The stained cells were then analyzed for DNA content
using a FACS Calibur flow cytometer (BD Biosciences) and the
cell cycle distributions were calculated using ModFit LT soft-
ware. The experiment was performed in triplicate.

Giemsa staining. Morphological changes in mitotic cells were
evaluated using Giemsa staining. HUVECs treated with bortezo-
mib (I uM) or paclitaxel (I uM) for 24 h were fixed with 10%
neutral-buffered formaldehyde before staining and were stained
for 30 min, then washed with tap water for 5 min. The morpho-
Ioglcal changes were evalualed usmg a llght mlcroscope (x40)

hist

manufacturer’s instructions. The experiment was performed in
triplicate.

In vitro permeability assay. Transwell permeability assays
were performed using monolayers of HUVECs and an in vitro
vascular permeability assay kit (Chemicon, Temecula, CA,
USA). Briefly, HUVECs seeded onto collagen-coated inserts
were pretreated with or without bortezomib (I, 0.1 uM) or
VEGFR-2-TKI (1 pM) for 6 h, and VEGF (20 ng/mL) was
added, except in the control sample, 4 h thereafter. Two hours
after the addition of VEGF, fluorescein isothiocyanate dextran
(FITC dextran) was added on the top of the cells and the extent
of FITC dextran permeation was determined by measuring the
fluorescence of the plate well solution, according to the sup-
plier’s instructions. The experiment was performed in triplicate.

Results

Bor ib p ially inhibited the cellular growth of
HUVECs independent of VEGF signali To evaluate the growth
inhibitory activity of bortezomib in vitro, we performed MTT
assays on HUVECs under the 20 ng/mL of VEGF or without it.
Bortezomib exhibited a potent growth inhibitory activity on
HUVECs with an ICso of 2 nM; however, VEGF stimulation
did not influence the growth inhibitory activity of bortezomib
(Fig. la).

'%o address the question whether the growth inhibitory activity
of bortezomib involves VEGFR-2 signaling, we compared the
inhibitory effects of bortezomib with that of a VEGFR-2-TKI,
Ki8751, on the phosphorylation levels of VEGFR and MAPK.
Bortezomib did not inhibit the phosphorylation level of VEG-
FR-2, whereas Ki8751 (0.01-1 pM) completely inhibited VEG-
FR-2 phosphorylation (Fig. 1b). Similar results were observed
for MAPK phosphorylation. These results indicate that the
growth inhibitory activity of bortezomib is induced via a VEG-
FR-2 signaling-independent mechanism.

Bortezomib increases vascular permeability in vitro. Generally,
the characteristics of vascular disrupting agents include a potent
anti-proliferative effect. Microtubule-binding drugs (MBD) are
widely used in cancer chamolherapy and also have clinically rel-
evant vascular-disrupting properties. The disruption of adherens
junctions contributes to the rounding of endothelial ce]ls lead-
ing to a direct increase in vasculature permeability.*¥ There-
fore, we examined the effect of bortezomib on vasculature
permeability to gain an insight into its vascular-disrupting prop-
erties. As expected, Ki8751 significantly decreased vasculature
permeability during VEGF stimulation, in contrast to the situa-
tion in untreated controls. On the other hand, bortezomib signifi-
cantly increased the vasculature permeability of vasculature

ence
HUVECs were treated with 1 pM of bortezomib or paclnaxe]
for 24 h and were then fixed and permeabilized with 4% formal-
dehyde/PBS for 15 min. The cells were blocked with 5%
normal goat serum in PBS for 60 min. After washing, anti-
phospho-histone H3 antibody (Cell Signaling) was diluted 1:200
in PBS/Triton and incubated for 1 h at room temperature, fol-
lowed by detection using Alexa Fluor 594 goat antirabbit 1gG
antibody (Invitrogen) for 1 h. After washing, the cells were
counterstained with 1 pg/mL of 4’,6-diamidino-2-phenylindole
(DAPI) in PBS for 5 min. Images were obtained using fluores-
cence microscopy (IX71; Olympus, Tokyo, Japan). The mitotic
index was calculated by dividing the number of p-Histone H3-
positive cells by the total number of treated cells (DAPI-positive
cells). At least 100 cells were scored per low-power field, and
the cells were counted over three fields. The experiment was
performed in triplicate.

cdc2/cyclinB1 kinase assay. The cdc2/cyclinB1 kinase activ-
ity in the cells was quantified using a Cyclex Cdc2-CylinB
Kinase Assay Kit (Cyclex, Nagano, Japan) according to the

1404

dothelial cells in a dose-dependent manner (Fig. lc). This
result supports the hypothesis that bortezomib has vascular-
disrupting properties in HUVECs in addition to its potent
growth inhibitory effect.

Bortezomib induces apoptosis of HUVECs. We speculated that
the potent growth inhibitory activity of bortezomib was based
on the induction of apoptosis; thus, we evaluated the expression
levels of cleaved caspase 3, cleaved PARP, and ubiquitinated
protein from whole cell lysates. The expression levels of cleaved
caspase 3 and PARP showed that bortezomib induced the activa-
tion of caspase 3 at a dose of 0.1 M and subsequent PARP
cleavage in HUVECs in a dose- and time-dependent manner
(Fig. 2). The accumulation of ubiquitinated proteins, which rep-
resents a direct effect of bortezomib, was observed at 0.01 pM
in a time-dependent manner. These findings indicate that bort-
ezomib is capable of inducing the apoptosis of HUVECs at a
relatively low concentration.

Bortezomib inhibits G2/M transition. An analysis of the cell
cycle distribution of HUVECs revealed that bortezomib signifi-
cantly increased the population of cells in the G2/M phase

doi: 10.1111/1.1349-7006.2010.01544.x
© 2010 Japanese Cancer Association
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Fig. 1. Bortezomib potently inhibited the cellular growth and
increased the vascular permeability of HUVEGs. (a) In vitro growth-
inhibitory effect of bortezomib on HUVECs using an MTT assay with
10 ng/mL vascular endothelial growth factor (VEGF) or without it.
The data shown represents the average + SD of three independent
experiments. (b) Effects of bortezomib on VEGF signaling in HUVECs.
Western blot analysis was performed for the expression and
phosphorylation levels of VEGF receptor-2 (VEGFR-2) and MAPK.
HUVECs were cultured under serum-starved conditions and exposed to
bortezomib or Ki8751 at the indicated concentrations for 3 h. After
10 ng/mL VEGF stimulation for 5 min, the cells were analyzed. (c)
Effect of bortezomib on vascular permeability in vitro. HUVECs were
seeded onto collagen-coated inserts and were pretreated with or
without bortezomib (0.1 and 1uM) or VEGFR-2 tyrosine kinase
inhibitor (VEGFR-2-TKI) (1 uM) for 6h. After 20 ng/mL of VEGF
stimulation for 2 h, fluorescein isothiocyanate dextran (FITC dextran)
was added on the top of the inserts and the extent of FITC dextran
permeation was determined by measuring the fluorescence of the
plate well solution. The relative vascular permeability was calculated
using the ratio to the permeability in the control cells (untreated).
The data shown represents the average + SD of three independent
experiments. *P < 0.05. Bort, bortezomib; V-TKI, VEGFR-2-TKI.

(Fig. 3a). This effect was observed when the cells were exposed
to 0.01 uM of bortezomib. Generally, morphological changes,
including the disappearance of the nuclear membrane, chromo-
somal condensation, and cytoplasmic round formation, are
observed in mitotic cells. Therefore, we evaluated whether bort-

N N
N
Bort o oS Wr A 0

ezomib induced morphological changes in HUVECs specific to
mitotic cells. Paclitaxel, a well-known tubulin binder and mito-
tic inhibitor, was used as a control. Paclitaxel clearly induced
these morphological changes specific to mitotic cells; however,
bortezomib did not induce these changes with Giemsa staining
(Fig. 3b). Further analysis using phospho-histone H3 immuno-
staining, an M-phase-specific marker, demonstrated that bort-
ezomib significantly decreased the number of mitotic cells while
paclitaxel markedly increased it (Fig. 3c,d). Together, these
results indicated that both bortezomib and paclitaxel induced
cell cycle arrest at the G2/M phase; however, bortezomib did
not increase the number of mitotic cells unlike paclitaxel. These
results suggest that bortezomib inhibits the G2/M transition in
HUVECs.

Bortezomib decreases cdc2/cyclinB kinase activity. Cell cycle
progression at the G2/M transition is regulated by cdc2/cyclin
B complex activity, and the activation of this complex is con-
trolled as a consecutive process as follows: (i) the levels of
cyclin B protein are increased during late S and G2 phases; (ii)
cyclin B binds to unphosphorylated cdc2 and forms an inactive
cdc2/cyclinB complex; (iii) cdc2 is phosphorylated at its T14,
Y15, and T161 residues during the G2 phase; and (iv) the
dephosphorylation of T14 and Y15 on cdc2 by phosphatase
cdc25 activates the cdc2/cyclin B complex and introduces the
cells to mitosis.

Bortezomib increased the expression of cyclin B1 in a dose-
and time-dependent manner, and an immunoprecipitation analy-
sis showed that bortezomib also increased the production of
cdc2/cyclin B complexes (Fig. 4a). Bortezomib markedly
increased the phosphorylation status of the T14, Y15, and T161
residues on cdc2 in a dose- and time-dependent manner, sug-
gesting that bortezomib promoted the presence of the inactive
form of the cdc2/cyclin B complex (Fig. 4b). These results
showed that bortezomib inhibits the G2/M transition. In addi-
tion, we examined the effects on a competing kinase, weel, and
the phosphatase cdc25C. Increased expression and phosphoryla-
tion levels of weel were observed after bortezomib treatment,
whereas no remarkable changes in cdc25C expression or phos-
phorylation were observed (Fig. 4b). Regarding the effects of
bortezomib on the proteasome-ubiquitin pathway, we found that
the ubiquitination of weel and cyclin B protein was increased
by bortezomib in a dose-dependent manner, suggesting that the
increase in the ubiquitination of weel and cyclin B may be at
least partially involved in the.suppression of the G2/M transi-
tion and the mode of action of this drug (Fig. 5a). Finally, a
kinase assay of the cdc2/cyclin B complex showed that bortezo-
mib (0.01 uM) significantly inhibited the kinase activity of the
complex, indicating that the inhibition of kinase activity might
suppress the G2/M transition (Fig. 5b).

Together, these results revealed that bortezomib increases the
expression levels of cyclin B1, the formation of the cdc2/cyclin
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Fig. 2. Bortezomib induces apoptosis of HUVECs.
Western blot analysis was performed for the
cleaved form and the expression levels of caspase 3,
poly ADP-ribose polymerase (PARP), and whole
ubiquitinated-protein. HUVECs were treated with
bortezomib at the indicated concentrations for 24 h
and analyzed (left panel), or they were treated
with bortezomib at 0.1 uM for the indicated hours
(right panel). Protein size markers are shown at 100
and 220 kDa.
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B complex, the phosphorylation of T14, Y15 and T161 residues

on cdc2, and the ubiquitination of cyclin Bl and weel. Bortezo-  regulators.
mib also significantly inhibited the kinase activity of cdc2/
cyclin B. These modifications of G2/M-phase-related cell cycle  piscussion

regulators suggest that bortezomib suppresses the G2/M transi-
tion (Fig. 5¢). We concluded that bortezomib potently inhibits
cell growth of vascular endothelial cells by suppressing the
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Fig. 3. Bortezomib suppress the G2/M transition.
(@) DNA histogram of HUVECs treated with
bortezomib. HUVECs were treated with bortezomib
at the indicated concentrations. The upper panel
represents the result of a flow cytometry analysis,
and the lower panel shows the population at the
G2/M phase. *P<0.05. (b) Giemsa staining of
HUVECs treated with bortezomib or paclitaxel at
1uM. The arrows indicate cells with mitotic
changes (disappearance of the nuclear membrane,
chromosomal condensation, and cytoplasmic round
formation). (c) Immunostaining for phospho-
histone H3 (p-Hist.H3) and 4',6-diamidino-2-
phenylindole . (DAPI) observed with fluorescence
microscopy. p-Hist.H3 was used as an M-phase-
specific molecular marker. Note that both
bortezomib and paclitaxel induced cell cycle arrest
at the G2/M phase, but unlike paclitaxel,
bortezomib did not increase the number of cells in
the M phase. (d) Mitotic index after treatment with
bortezomib or paclitaxel at the indicated
concentrations in HUVECs. The mitotic index was
calculated using the number of p.Hist.H3-positive
cells per the total number of cells (DAPI-positive
cells). The columns indicate the average +SD of
three independent experiments. *P < 0.05. Bort,
bortezomib;  Cont, untreated control; PTX,
paclitaxel.

Fig. 4. Bortezomib increases the expression levels of
cyclin B1, the production of the cdc2/cyclin B complex,
and the phosphorylation of the T14, Y15, and T161
residues on cdc2 in HUVECs. (a) Western blots of the
cyclin B1 expression levels in whole protein (upper
panel) and samples immunoprecipitated with a
cdc2 antibody (lower panel). (b) Western blots for
G2/M-phase-related cell cycle regulators. HUVECs
were treated with bortezomib at the indicated
concentrations for 24 h and for the indicated hours at
0.1 uM. B, immunoblots; IP,immunoprecipitation.

G2/M transition through modifying G2/M-phase-related cycle

Inhibition of the 26S proteasome results in the accumulation of
cyclins A, B, D, E, p21, and p27, thereby disrupting the cell

doi: 10.1111/1.1349-7006.2010.01544.x
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Fig. 5. Bortezomib increases the ubiquitination of cyclin B1 and
weel and inhibits the kinase activity of cdc2/cyclin B. (a) Western
blots for the ubiquitination levels in the samples immunoprecipitated
with wee1 antibody (lower panel) or cyclin B1 antibody (lower panel).
(b) Kinase activity of cdc2/cyclin B in HUVECs treated with bortezomib
at the indicated concentrations. Whole cell lysates were used for the
analysis. The relative kinase activity was calculated using the ratio to
the activity level in the control (untreated). The data shown
represents the average + SD of three independent experiments.
*P < 0.05. (c) Schematic diagram of the effects of bortezomib on
G2/M-phase cell cycle progression in vascular endothelial cells.
Bortezomib increases the expression levels of cyclin B1, the production
of the cdc2/cyclin B complex, and the phosphorylation of the T14,
Y15, and T161 residues on cdc2. Bortezomib also increases the
ubiquitination of cyclin B1 and weel. Changes in the expression or
phosphorylation levels of cdc2 were not detected. These modifications
of G2/M-phase-related cell cycle regulators suggest that bortezomib
suppresses the G2/M transition.

cycle and promoting cell death via multiple pathways.‘m In can-
cer cells, bortezomib leads to an increase in the accumulation
and activation of G2/M-phase-related cycle regulators cyclin A
and cyclin Bl and also leads to cell cycle blockade at the
G2/M phase."” However, whether bortezomib inhibits G2/M
transition or induces M-phase arrest has been uncertain. In addi-
tion, no data on the effects of bortezomib on the cell cycle arrest
at the G2 phase in vascular endothelial cells has been available.
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(Flgs 4 and 5a). Further analysis revealed that the phosphoryla-
tion statuses of the T14, Y15, and T161 residues on cdc2 were
markedly increased, indicating the presence of the inactive form
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cyclin B/cdc2 complex was also inhibited by this treatment
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G2/M transition, rather than causing M-phase arrest. Since few
anticancer drugs are known to suppress the G2/M transition, our
results provide an insight to the unique mode of action of bort-
ezomib. The expression, ubiquitination, and phosphorylation of
weel were markedly increased after bortezomib treatment.
Weel degrades via the proteasome-ubiquitin pathway, similar
to cyclin B, and activated weel inhibits cdc2 kinase activity.
Therefore, these results raise the possibility that weel is
involved in the mode of action of bortezomib.

Vascular targeting agents (VTAs) including VEGFR-TKIs
target the development of new vessels and have a preventative
action, require chronic administration, and are likely to be of
particular benefit in early stage or asymptomatic metastatic dis-
ease. Meanwhile, vascular disr ugtmg agents (VDAs) target
established tumor blood vessels,® causing a rapid collapse in
tumor blood flow leading to a prolonged period of vascular shut-
down and culminating in the extensive necrosis of tumor
cells.?”” VDAs are therefore given acutely, show immediate
effects, and may have particular efficacy against advanced dis-
ease. Thus, VDAs are considered to be different from VTAs in
some key aspects including the type or extent of disease which
has sensitivity to the agents and the treatment scheduling.®

Generally, the characteristics of VDAs include a potent anti-
prohfemnve effect, the induction of G2/M-phase arrest, and an
increase in vascular permeability.®® Our results indicate that
bortezomib exerts similar effects on vascular endothelial cells.
Thus, we speculate that bortezomib could be categorized as a
VDA and that the vascular disrupting effect of bortezomib might
be at least partly responsible for its antitumor activity.

In conclusion, we demonstrated that bortezomib potently
inhibits cellular growth by suppressing the G2/M transition in
vascular endothelial cells. Our findings strongly suggest that
bortezomib has a unique additional vascular disrupting effect.
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Performing Phase | Clinical Trials of Anticancer Agents:
Perspectives from within the European Union and Japan

Martin D. Forster', Nagahiro Saijo?, Lesley Seymour®, and Hilary Calvert'

Abstract

Drug discovery and early clinical development is an international endeavor, conducted in partnership
between commercial entities such as biotechnology and pharmaceutical companies and academic inves-
tigators. Although once considered quite disparate, early clinical trials requirements and conduct are
largely harmonized between the European Union, Japan, and the United States, increasing the opportu-
nities for productive commercial-academic collaborations. Clin Cancer Res; 16(6); 1737-44. ©2010 AACR.

Cancer drug discovery and development is an interna-
tional activity. Many of first-in-human studies of antican-
cer drugs are conducted in two sites in different countries,
usually in North America (United States or Canada) and
the other in Europe. Additional phase I studies including
Japanese patients are often required for later marketing
approvals in Japan. Phase I capabilities exist worldwide,
including Australia, Asia, and South America. Although
there are differences in attitudes between different
countries in general, the concerns and approaches of phase
I investigators are similar across the world. In particular
there is emphasis on trial designs that minimize the num-
ber of patients treated with ineffective doses and maximize
the possibility of eliciting therapeutic signals. We summa-
rize here early clinical trial activities in Europe and Japan,
highlighting key opportunities and challenges as part of
this issue of CCR Focus, which examines the phase I clini-
cal trial process (1).

European Union

In terms of organization, there is'no overarching organi-
zation for European countries or even for one individual
country. Rather, the tendency has been for potential spon-
sors to negotiate individually with individual centers. This
has led to the focusing of many studies in relatively few
centers where the expertise and the reputation for the con-
duct of these studies have been established. Of note, pri-
vately owned and commercially operated phase 1 clinical
trials centers are emerging in Europe.
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Marketing approval for new drugs within the European
Union is the responsibility of the European Medicines Agen-
cy, which is a decentralized body of the European Union
with headquarters in London. The agency is responsible for
thesscientific evaluation of applications for European market-
ing authorization for medicinal products using a centralized
procedure. Companies submit a single marketing authoriza-
tion application to the agency. Once granted by the European
Commission, this authorization is valid in all European
Union (EU) and EEA-EFTA states (Iceland, Liechtenstein,
and Norway). In contrast, approval for clinical trials of new
agents is the responsibility of each member state, with each
country providing its own regulatory authority.

First in human trials are clinical experiments and are
therefore governed by a number of regulations and guide-
lines. Patients who participate are given an intervention
that they would not normally receive, with an unknown
efficacy and toxicity profile, and often undergo additional
clinical assessments and tests. It is therefore essential to
protect their safety and well being, which is the primary
role of the regulatory guidelines. Adherence to these guide-
lines is particularly relevant in phase I studies, in which
the investigational medicinal product may have been ad-
ministered to few, if any, humans previously. The regu-
lations also aim to ensure that the clinical trial data
produced are robust and accurately represent the activities
of the Investigational Medicinal Product (IMP).

The first internationally recognized guidelines were the
Nuremberg Code, developed in 1948, following the inhu-
mane experimentation on subjects without appropriate
consent during the Second World War (2). The Nuremberg
Code formed the basis for the Declaration of Helsinki, first
declared by the World Health Authority in 1964, which
has undergone a number of subsequent revisions (latest
in 2008: ref. 3). All clinical studies need to follow its
guidelines, although it is not legally binding in interna-
tional law, and it has formed the backbone to the Code
of Federal Regulations (title 45, volume 46) in the United
States (4) and the International Conference on Harmoni-
zation of Technical Requirements for the Registration of
Pharmaceuticals for Human Use (ICH) guidelines.

www.aacrjournals.org
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Table 1. Europe: example of documents
required for a clinical trial application

Clinical Trial A required d

EudraCT number

1B

IMPD

IND application (in the United States) if available

Information of investigators, recruiting sites, and analysis
laboratories

Details of drug manufacturing and distribution

Trial production and sample consent form

Completed application form

Information from independent ethics committee

Fee

NOTE: From the Medicines and Healthcare products
Regulatory Agency (9).

International conference on harmonization

In 1996, the ICH guidelines were developed, in an at-
tempt to harmonize the requirements for registering med-
icines across the European Union, the United States, and
Japan and to allow data produced from one country to be
accepted by another (5). The tripartite guidelines expand
on the Declaration of Helsinki to advise on quality, effi-
cacy, patient safety, and other miscellaneous aspects of
clinical research. They focus on the core principles of
Good Clinical Practice (GCP), which cover trial design,
conduct, and analyses, with strict pharmacovigilance and
thorough informed subject consent (6). Quality topics
describe IMP production and evaluation to Good Manu-
facturing Practice (GMP) and there are extensive guide-
lines on preclinical safety evaluation and the training
and responsibilities of trial staff. ICH GCP provides inter-
national guidelines to standardize the conduct of clinical
trials, but their implementation has been variable be-
tween different researchers and countries.

EU dinical trials directive
The variability in interpretation of ICH GCP led the
European Union to develop the EU Clinical Trials and
GCP Directives (2001/20/EC and 2005/28/EC, respec-
tively), implemented from 2004. The directives formed
a legal framework for clinical trial research, including
phase 1 trials, and required incorporation into the legal
systems of member states.
Directive (7) includes 24 articles required to be met,
covering core areas including:
¢ The safety and well-being of clinical trial subjects,
¢ The procedures for independent ethical committee
review and approval,
¢ The procedures to give regulatory approval before a
trial starts recruitment,

* The procedures for authorities to inspect trial conduct
to GCP standards,

¢ The standards for the manufacture and handling of
IMPs,

¢ The procedures for reporting and processing adverse
events.

In common with other EU directives, the Clinical Trials
Directive (CTD) provides the principles, which are inter-
preted and converted to law separately by each member
state. The interpretation and incorporation by individual
states may be influenced by other laws already in place,
such as the EU Data Protection Directive (95/46/EC). In
addition subsequent rulings in individual states may also
affect the implementation of the directive. An example
would be the Human Tissue Act introduced to the United
Kingdom in 2004 for studies involving clinical samples.
This act was introduced following an event in which tis-
sues and organs of children who had died were retained
without parental consent, resulting in a very high-profile
scandal featured in the media. The result is a series of strin-
gent measures to control the acquisition, storage, and
experimentation on human tissues of all kinds.

Differences in the existing national legislation and dif-
fering legal concerns within the different member states
of the EU mean that cost, timelines, ease of setting up,
and the conduct of new studies may vary significantly
between different countries.

Trial set up and approval. ICH and EU CTD advise about
preclinical evaluation and regulatory toxicology assess-
ments following which a phase 1 protocol can be devel-
oped. An IMP dossier is also required, outlining the
quality, safety, and use of IMPs in the study. This dossier
forms the EU equivalent to the Investigational New Drug
(IND) application required in the United States (require-
ments for the latter are discussed in this issue of CCR
Focus; ref. 8). In parallel with the Investigational Medicinal
Product Dossier (IMPD), an Investigator's Brochure (IB) is
required, which outlines all available preclinical and clin-
ical data (6). Both the U.S. Food and Drug Administration
(FDA) and Committee for Human Medicinal Products and
competent authorities from each individual European
country are available for consultation to discuss develop-
ment strategy and the pathway to registration for an IMP.

Regulatory authorization. As noted above, each country
has its own regulatory authority, such as the Medicines
and Healthcare products Regulatory Agency (MHRA) in
the United Kingdom or the Ministry of Health in Italy
and Germany, responsible for allowing a study to be con-
ducted. Application requirements to gain regulatory ap-
proval differ a little between EU countries but the core
documents for a Clinical Trial Application (equivalent to
IND application in the United States) are listed in Table 1
(9), and regulatory approval is required for each country in-
volved. EU regulatory authorities aim to assess applications
within 30 days, extended up to 60 days if further details are
required. The trial is then able to be registered onto an in-
ternational clinical trials register, such as ClinicalTrials.gov.

Clin Cancer Res; 16(6) March 15, 2010
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Although the authorization for clinical trials is done at a
national level, all European Clinical IMP trials are required
to be issued with a EU Drug Regulating Authorities Clini-
cal Trials (EudraCT) number, which is issued by the Euro-
pean Medicines Agency (10).

EudraCT is the European Clinical Trials Database of all
clinical trials commencing in the European Union from
May 1, 2004 onwards. The EudraCT database was estab-
lished in accordance with Directive 2001/20/EC. Each clin-
ical trial with at least one site in the European Union
receives a unique number for identification, the EudraCT
number. The EudraCT number must be included on all
clinical trial applications within the European Union
and as needed on other documents relating to the trials
(e.g., suspected unexpected serious adverse reaction
reports).

Patient information and consent. There is strong empha-
sis on the protection of clinical trial patients in ICH GCP
and EU CTD, leading to the generation of patient infor-
mation sheets, which extensively explain the rationale of
the study and possible risk of harm from the therapy.
Although written in plain language these are often long
and require careful explanation and time allowed to the
subject for consideration, prior to informed consent being
given. Patient information sheets may be required in mul-
tiple languages and within the European Union are sub-
mitted, along with the trial protocol, for independent
ethical approval.

Independent ethical review. Ethical review is required to
be done by an independent committee, but procedures de-
pend on the number of sites involved and differ in differ-
ent EU states. A single-center study may be reviewed by a
local committee, whereas a national review may be possi-
ble in some countries (such as the United Kingdom or the
Netherlands). A committee with particular expertise may
be required for phase I trials and additional expert opinion
may also be required if vulnerable adults and/or children
are involved. This independent review differs from the
Institutional Review Board (IRB) review required for trial
registration within the United States. An ethics committee
has a 60-day time limit to approve or decline a study,
but applications may occur in parallel with the assess-
ment of the scientific merit of the study and therefore
need not add a time delay to trial initiation. It does,
however, often allow easier subsequent amendments to
be accepted either by chairman's review or formal com-
mittee reassessment.

In the United Kingdom, the Integrated Research Appli-
cation System form has recently been introduced in an
attempt to reduce the trial administrative burden. The reg-
ulatory applications are centralized to a single electronic
form minimizing repetitive core data entry. Also in the
United Kingdom, studies involving biomarkers on clinical
samples are also required to comply with the Human
Tissue Act. A Case Report Form is developed to gather
data relevant to the study and individual site assess-
ments, agreements, and approvals obtained prior to pa-
tient recruitment.

Phase | in EU and Japan

Trial conduct and completion. The ICH guidelines define
GMP quality IMP production for clinical use and handling
during trial evaluation (11). The procedures for drug label-
ing, supply, and distribution require implementation by
sponsors, and differ between the European Union and
United States. The EU regulations require a manufacturing
authorization for the manufacturer or importers of an
IMP, and one or more “qualified person(s)” to undertake
responsibility for the quality assurance of each batch of
unlicensed product. The qualified person needs to be
based in the European Union and is therefore generally
independent of the sponsor, who is able to do this role
within the United States.

ICH GCP defines the documentation required to be col-
lected in trial files, but there are several systems accepted
for data storage, and the level of data monitoring and
source data verification varies between studies in the Euro-
pean Union as it also does in the United States. Efforts to
ensure data quality have been steadily increasing in all
academic centers (12). Database systems validated in the
European Union offer centralized statistical monitoring
and automated data validation. These systems are often
used in academic studies, thus requiring reduced source
data verification thereby reducing monitor time and sav-
ing expense. Pharmaceutically sponsored studies often ex-
tensively monitor source data entry at added significant
expense.

The EU CTD requires countries to have a system to in-
dependently inspect sponsor or participating trial institu-
tions by regulatory bodies. Routine inspections can be
preplanned or can be triggered by specific safety concerns.
The EU CTD also allows for “urgent safety measures” to be
taken by the sponsor before regulatory review if there are
serious safety concerns.

A system for identifying and reporting adverse events is
required by the EU CTD. Toxicity grades are usually stan-
dardized by the use of the CTCAE grading system and pro-
cedures, and reporting timelines are similar across the
United States, the European Union, and Japan. The Eudra
Vigilance Database contains safety data about all IMPs in
EU clinical trials allowing information to be exchanged
more easily between participating countries (i3).

Acquisition of drugs

The advances in biology and in particular the advances
in the understanding of the molecular biology of various
different types of cancer have led to an exponential in-
crease in the number of interesting anticancer targets for
drug design. The concurrent advances in analytical tech-
nology, antibody development, and medicinal chemistry
have enabled the discovery of agents with potential activ-
ity against these targets at an unprecedented rate. Potential
new anticancer drugs are being developed by large phar-
maceutical companies, smaller biotech companies, and
academic groups, often supported by charitable funding.
This increase in available agents has also led to efforts to
improve clinical trial design to maximize efficiency and to
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understand whether the presumed drug target has been
affected (14, 15).

Numerically by far the largest proportion of new drugs
undergoing phase I trials are sponsored by the pharmaceu-
tical industry, but some notable drugs have had their ori-
gins in academic institutions. Examples are carboplatin
[Institute of Cancer Research (ICR) and Bristol-Myers
Squibb], raltitrexed (ICR and AstraZeneca), and temozolo-
mide (University of Aston and Schering Plough).

Phase I trials groups and networks

Working under the regulatory framework outlined
above, a number of different organizations have been set
up to conduct or promote the trials of innovative new can-
cer agents within the EU countries. The list below is not a
comprehensive list, as many countries have phase | capa-
bilities or networks, including Germany, Scandinavia, and
Italy.

European Org, for R h on the Ti of
Cancer. Anticancer drugs of the 1970s and 1980s were
usually toxic and expertise in the conduct of phase I stud-
ies with them was confined to a few centers. The Early
Clinical Trials Group of the European Organization for Re-
search on the Treatment of Cancer (EORTC) was very suc-
cessful in bringing European expertise together and
formed a valuable point of contact for the pharmaceutical
industry. This group (which later became the Early Clinical
Studies Group) conducted a large number of phase I trials
on agents that are now in common use. However changes
in the environment eventually led to the disbandment of
this group in 2004. As oncology products became main-
stream, the pharmaceutical industry acquired in-house ex-
pertise in conducting these trials. A number of centers
developed a high level of specialization in phase I cancer
trials and therefore could offer local expertise and a high
throughput directly to sponsors. This evolution led to a

gradual reduction in the number of new agents being
available to the cooperative group, which eventually led
the EORTC to focus on its highly successful phase 111 pro-
grams.

This pattern is now common in most European
countries. There a large number of capable and active
phase | centers in most European countries that are nego-
tiating and conducting trials on a case-by-case basis with
the sponsors, most of whom are pharmaceutical compa-
nies. Many of the previously Eastern European countries
now have expanding and robust clinical trials activities
and compete effectively with the longer established West-
ern European operations. Some of the better known orga-
nizations are highlighted below and play a valuable role in
coordinating activity and providing a collaborative and ed-
ucational platform. Much of the actual phase I-II activity,
however, takes place by direct negotiation of the sponsor
(or Clinical Research Organization) with the centers.

Cancer Research UK (formerly Cancer Research Cam-
paign - UK). In 1981 the Cancer Research Campaign set
up a phase I committee of oncologists with an interest
in early studies of investigational cancer agents with trans-
lational scientists, chemistry and formulation expertise.
This group gradually transformed into the Cancer Research
UK Drug Development Office and a funding committee
called the New Agents Committee. The New Agents Com-
mittee is able to consider drug candidates at any stage of
their development and can organize and fund bulk synthe-
sis, formulation, and toxicology as well as phase I-1I clin-
ical trials. Phase I clinical trials are managed by the Drug
Development Office, which can handle all the require-
ments for a GCP trial, including sponsorship, monitoring,
and reporting. This is an unusual, if not unique facility,
because it can take a drug from concept stage to clinical
trial entirely within the charitable and/or academic arena.
It has been instrumental in developing a number of

Stage in approval process

Table 2. Factors contributing to “Lag” for approval of new oncology therapeutics in Japan

Causes of delays

Delay in the start of development

Prolonged trial conduct

Prolonged J-NDA review

Concerns about cost and delays

Requests for additional data unique to Japan

Slow review and/or consultation times

Preference for positive phase Il data prior to initiating

Lack of protected time for clinical research, high clinical workload

Lack of reimbursement and/or recognition for investigators

Inexperience in clinical research, limited support staff

Infrequent IRB meetings

Additional paperwork and/or requirements unique to Japan (J-GCP)

Patient reluctance (strong national healthcare system; concerns about safety;
negative media releases; expectations about a positive outcome)

Limited number of reviewers

Inconsistency in reviews and/or requirements

Abbreviations: J-GCP, Japan Good Clinical Practice; J-NDA, Japan New Drug Application.
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licensed drugs, including temozolomide (16). The conduct
of early clinical studies in cancer in the United Kingdom
has also been greatly facilitated by the Experimental Cancer
Medicine Network (17), which provides competitively
allocated infrastructure funding to 19 centers around
the United Kingdom.

However, it has become increasingly expensive to set up
and conduct clinical trials, including early phase trials,
largely owing to increased regulations and governance
responsibilities. Phase | trial design has also evolved,
expanding beyond simple toxicity evaluation to include
multiple, often expensive, secondary and exploratory end-
points including predictive biomarkers, pharmacodynamic
markers to show target inhibition in tumor or surrogate
tissue, and preliminary efficacy outcomes. This means that
the budget available to organizations such as CR UK will
support far fewer trials than it would before the current
regulations came into force. Similar budgetary considera-
tions also apply to Clinical Development Partnerships
(see below), which means that there are many interesting
and potentially valuable new agents for which the clinical
trials cannot be done.

The extraordinary success of modern drug development
techniques, coupled with the increasing cost and complex-
ity of clinical development, has resulted in many pharma-
ceutical companies having more promising agents in their

pipeline than they have resources to develop. Acquisitions
and mergers between these companies compound the sit-
uation often resulting in the pipelines of the merged com-
pany having several representatives of each class of drugs.
The fact that many potentially useful drugs do not under-
go clinical development is a potential loss to the oncology
patient, because it is frequently not possible to make an
accurate judgment of the clinical utility of a new agent
without clinical data. Cancer Research UK Clinical Devel-
opment Partnerships are designed to address this problem
by offering to undertake early clinical development at the
expense of CR UK. The collaborating company has an op-
tion to continue development with the drug if it looks suc-
cessful in exchange for a revenue sharing agreement (18).

Southern Europe New Drug Organization. Southern
Europe New Drug Organization (SENDO) was founded
in 1997 to promote and coordinate transnational research
and early clinical trials in Southern Europe with the aim of
boosting research on new anticancer drugs using modern
up-to-date methodology. It is a not-for-profit organization
with centers in Switzerland, Italy, and Barcelona. It has all
the expertise necessary for early clinical cancer drug devel-
opment and a good network of collaborators for preclini-
cal development (19).

Central European Society for Anticancer Drug Research.
Central European Society for Anticancer Drug Research

www.aacrjournals.org
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(CESAR) was founded in 2001 with a focus on research
into identifying new anticancer agents, the development
of new agents, and fostering the translation of laboratory
research into the clinic. CESAR comprises scientists from
basic research and preclinical and clinical oncology in
Austria, Germany, and Switzerland. In addition, the CESAR
has created a network of study centers experienced in oncol-
ogy of solid tumors in a number of Central and Eastern
European (CEE) countries with the aim to foster interna-
tional cooperation between oncologists and study centers
in this area. CESAR has a portfolio of phase I and transla-
tional studies open and organizes meetings to promote
and coordinate research (20).

Phase 1-1I cancer trials in France. The French National
Federation of Cancer Centers has established a group (“Es-
sais précoces”) coordinating early phase cancer trials in a
number of French centers. The Institut National du Cancer
(INCa) has also set up an agreement with U.S. National
Cancer Institute Cancer Therapy Evaluation Program
(CTEP) permitting a number of French centers to be select-
ed for phase I-II trials sponsored by CTEP. The new French

Cancer Plan has identified a need to establish a funded
network of cancer centers for phase I-1I trials.

Phase I-11 cancer trials in Spain. There is substantial
amount of phase I activity in Spain but no single overarch-
ing organization. A number of Spanish centers undertake a
significant number of phase I trials and some of them re-
ceive governmental support as part of the Cooperative
Network of Cancer Centers.

Phase I-II cancer trials in Switzerland. Within the SAKK
group (the Swiss national group for clinical studies in can-
cer) there is an independent phase I group.

Japan

Despite Japan's leadership role in basic research and dis-
covery, its prominence in early clinical research is less es-
tablished, although separate trials have often been
required because of the differing pharmacology of drugs
in Asian patients. In recent years polymorphic variations
in proteins involved in drug clearance have been identified
that begin to explain these differences (21). Marketing

Table 3. Requirements for phase | studies in the European Union, Japan, and the United States

Assays developed and available

committee

Study component Requirements Japan EU United States
Preclinical data ICH Guidelines for safety In Japan, ICH S9 is at Step 4; One species  Two species
and starting dose (S3, S4, S6, S7, S9, M3) May use data from other phase | studies; (rodent) (one nonrodent)
level at which no DLT reported. If no ethic acceptable required
difference in metabolism and/or safety
suspected, phase | data from other
countries may be acceptable to
support phase Il studies
Pharmacokinetics  ADME defined Required Desirable Desirable

Facilities and Adequate knowledge of preclinical data
Personnel Investigators knowledgeable in clinical pharmacology and oncology therapy
Number of centers Single center preferred; if multicenter, Single center
good communication channels studies
must be In place recommended
Patients Usually cancer patients unless minimal toxicity (volunteers may be acceptable);
Patients with poor performance status (ECOG 3 or 4) excluded
No standard options known to prolong life
Hospitalization? Hospitalization may be required by PMDA May be treated
as inpatients
or outpatients
May include multiple tumor types or be tumor specific if appropriate
Criteria for organ function Additional criteria may be required Standard
and/or eligibility
Design and Must evaluate more than a
conduct single dose
Pharmacokinetics Especially for combination studies Recommended

Independent data monitoring May be required

Not mandated

Abbreviations: ADME, absorption, distribution, metabolism, and excretion; ECOG, Eastern Co-operative Group.
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