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Background: The mammalian target of rapamycin (mTOR) pathway is dysregulated in small-cell lung cancer (SCLC) and
everolimus is an oral mTOR inhibitor.

Methods: This phase-1b study assessed everolimus safety at the levels of 2.5, 5, or 10 mg once daily in combination with paclitaxel
(175 mg m� 2) once every 3 weeks in previously treated SCLC patients. The primary end point was to determine the maximum
tolerated dose of everolimus.

Results: Among 21 enrolled patients, common drug-related adverse events were anaemia, neutropenia, thrombocytopenia, pain,
hyperglycemia, and stomatitis. Out of 11 evaluable patients treated with everolimus at the level of 5 mg, 1 patient experienced
dose-limiting toxicity (DLT) of grade 4 febrile neutropenia and grade 3 thrombocytopenia. The other two DLTs (grade 4
thrombocytopenia and grade 3 hyperglycemia) occurred in two out of three patients receiving everolimus 10 mg. The overall
objective response rate was 28%.

Conclusion: Everolimus showed an acceptable safety profile and preliminary antitumour activity at the dose of 5 mg once daily
when combined with 3-weekly paclitaxel 175 mg m� 2 in patients with SCLC.

Small-cell lung cancer (SCLC) accounts for approximately 13% of
all lung cancer cases (Govindan et al, 2006). Although some
chemotherapeutic agents, such as etoposide or topoisomerase
inhibitor 1 (irinotecan or topotecan) with or without a platinum
compound, achieve initially high response rates (Noda et al, 2002;
Hanna et al, 2006), most cases of SCLC progress, leading to high
mortality rates; thus, new therapeutic strategies are urgently
needed.

The mammalian target of rapamycin (mTOR) functions down-
stream of the phosphatidylinositol-3 kinase (PI3K)/Akt pathway
and is activated in response to the activation of PI3K/Akt signaling

(Bjornsti and Houghton, 2004). The PI3K/Akt/mTOR pathway has
a central role in regulating cell growth, proliferation, and survival
(Sun et al, 2006). Furthermore, it is well documented that this
pathway is upregulated in SCLC (Marinov et al, 2009; Schmid et al,
2010).

Everolimus, an orally administered rapamycin analog, is a
specific inhibitor of mTOR and is approved for treatment of renal
cell cancer, pancreatic neuroendocrine cancer, and breast cancer
(Motzer et al, 2008; Yao et al, 2011; Baselga et al, 2012). Everolimus
has been shown to inhibit activation of the mTOR pathway and
tumour growth in SCLC cell lines and in a xenograft model
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(Marinov et al, 2009). However, in a recently published phase-2
study, everolimus had limited single-agent antitumour activity in
patients with SCLC (Tarhini et al, 2010). Meanwhile, there have
been several studies showing improved antitumoural or clinical
effects of everolimus when combined with cytotoxic or other
targeted agents in various tumour types (Mondesire et al, 2004;
Faried et al, 2006; Campone et al, 2009; Marinov et al, 2009; Andre
et al, 2010; Ramalingam et al, 2010; Schmid et al, 2010; Morrow
et al, 2011; O’Reilly et al, 2011; Xu et al, 2011; Dong et al, 2012;
Ren et al, 2012). Therefore, it could be possible for everolimus to be
effective when used in a combination regimen for SCLC patients to
overcome tumour cell drug resistance.

Paclitaxel remains an important salvage chemotherapy for
SCLC. The 3-weekly (once every 3 weeks) paclitaxel regimen
resulted in considerable response in patients with refractory SCLC
(Smit et al, 1998). However, more than half of the patients
succumbed to disease progression within 2 months after starting
paclitaxel chemotherapy. Although the resistance mechanism to
paclitaxel appears to be multifactorial, there is consistent evidence
that the PI3K/Akt/mTOR pathway is associated with resistance to
paclitaxel (VanderWeele et al, 2004; Faried et al, 2006). It was
shown that the sustained exposure of cancer cells to paclitaxel
induced the activation of Akt and its downstream molecule,
mTOR, leading to the development of resistance to paclitaxel.
Furthermore, this resistance was overcome by the inhibition of
mTOR by rapamycin (VanderWeele et al, 2004). Many preclinical
studies have produced results supporting the existence of
synergism between paclitaxel and mTOR inhibitor (Hu et al,
2002; Mondesire et al, 2004; Faried et al, 2006; O’Reilly et al, 2011).

On the basis of these observations, we hypothesised that
administration of everolimus with paclitaxel would improve the
clinical outcome in patients with SCLC. Therefore, this study was
performed to assess the safety and effectiveness of the combination
regimen of everolimus plus paclitaxel in cases of previously treated
SCLC.

MATERIALS AND METHODS

Study design. The primary objective of this study was to
determine the maximum-tolerated dose (MTD) of everolimus in
combination with a fixed dose (175 mg m� 2 every 3 weeks) of
paclitaxel, based on the incidence of dose-limiting toxicities (DLTs)
during the first treatment cycle. The secondary objectives were to
characterise the pharmacokinetic disposition of everolimus at the
level of the MTD when given in combination with paclitaxel, to
evaluate phospho-Akt and phospho-S6 expression as predictive
biomarkers for response to everolimus, and to get preliminary
information regarding the efficacy of the combination regimen in
patients with SCLC. This open-label, single-arm phase-1b study
(clinicalTrials.gov ID: NCT01079481) was conducted in accor-
dance with the Declaration of Helsinki and good clinical practice.
The study protocol and consent forms were approved by the
institutional review board of Samsung Medical Center, and written
informed consent was obtained from all participants.

Study population. Eligible patients were adults at least 18 years of
age with pathologically confirmed limited or extensive staged
SCLC, whose cancer had progressed after at least two prior
chemotherapy regimens including at least one platinum-containing
regimen. Other eligibility criteria were an Eastern Cooperative
Oncology Group (ECOG) performance status (PS) of 0–2, at least
one measurable lesion by Response Evaluation Criteria in Solid
Tumours (RECIST 1.1), which had not been radiated previously,
absolute neutrophil count X1500 per ml, platelet count X1 00 000
per ml, serum total bilirubin p1.5� institutional upper limit of
normal, serum transaminases p5� upper limit of normal, and

creatinine clearance X50 ml min� 1. Patients must have termi-
nated prior chemotherapy or radiotherapy 4 weeks before
enrolment, and had to have recovered from toxicities related to
prior therapies to grade 0–1.

Patients were ineligible if they had received prior therapy
with known mTOR inhibitors, had diseases that might alter the
absorption of everolimus, or had untreated or symptomatic brain
metastases. Patients were also excluded if they had hypercholester-
olemia of grade 3 or higher, uncontrolled diabetes with fasting
glucose level 4165 mg dl� 1, uncontrolled infection, liver cirrhosis,
or active viral hepatitis. Women who were pregnant, breast-feeding,
or able to conceive but unwilling to practice effective contraception
and patients with a known Cremophor allergy were also excluded.

Treatment plan. Paclitaxel (Bristol-Myers Squibb Pharmaceuticals
Ltd, New York, NY, USA) was administered as a 3-h intravenous
infusion every 3 weeks. Everolimus (Novartis Pharmaceuticals,
Basel, Switzerland) was given orally in a once-daily dose based on a
21-day treatment course. Patients receiving at least one dose of
study drug medications were evaluated weekly for safety during the
first cycle of treatment, and they were followed up every 3 weeks.
Treatment was continued until disease progression, unacceptable
toxicity, or withdrawal of informed consent. After six cycles of
combination therapy, patients without disease progression were
continued on single-agent everolimus at the same dose and
schedule as when given with paclitaxel.

Prophylaxis of emesis and allergic reactions to paclitaxel using
serotonin antagonist or steroid was allowed. Prophylactic colony-
stimulating factors were not allowed for cycle 1 of therapy.

Dose escalation and adjustment. The safety of the drug
combination was explored with the 3-weekly dose of paclitaxel
175 mg m� 2 combined initially with 2.5 mg of everolimus daily
(dose level 1) and then escalated to 5 mg daily (dose level 2) and
10 mg daily (dose level 3). Up to six patients were enrolled for each
individual level. Intrapatient dose escalation was not permitted.
Dose escalation decisions were made after every DLT occurred
within the first cycle of treatment. If none or one out of six patients
experienced a DLT, dose escalation was continued. If two patients
experienced DLTs out of the maximum six patients at each level,
the toxicity was considered unacceptable and further enrolment
was stopped at that level. After the highest well-tolerated dose of
everolimus in combination with paclitaxel was established, six
more patients were evaluated at the expansion cohort to obtain
additional safety and pharmacokinetic information at the level. If
three or fewer DLTs occurred out of these 12 patients, this level
would be determined as the MTD and the recommended dose for
the further phase-2 trials.

For patients who experienced severe toxicities or DLTs, dose
modifications were done for the subsequent cycle: the dose of
everolimus was reduced to none from 2.5 mg d� 1, to 2.5 mg d� 1

from 5 mg d� 1, or to 5 mg d� 1 from 10 mg d� 1, and the dose of
paclitaxel was reduced by 25% decrements.

Study assessments and DLT. All toxicities were graded using the
Common Terminology Criteria for Adverse Events (CTCAE)
version 3.0. A DLT was defined as a drug-related CTCAE of grade
3 or 4 non-haematological toxicity despite the fully preventive
therapy. Additional DLTs included: fever with grade 3 or
4 neutropenia; grade 4 neutropenia lasting for 7 days; grade 3 or
4 thrombocytopenia; neutropenia or thrombocytopenia failing to
revert to grade p1 within 3 weeks. Tumour response was assessed
every two cycles according to RECIST version 1.1.

Pharmacokinetic measurements. To evaluate the pharmacoki-
netic parameters of everolimus at the MTD level administered with
paclitaxel, blood samples were collected just before the adminis-
tration of everolimus on days 1, 8, and 15 of cycle 1, and day 1 of
cycle 2, and 1, 2, 4, 6, 12, and 24 h after dosing on day 1 of cycle 2
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(a total of 10 times per patient) from six patients enrolled in the
expansion cohort. Everolimus concentrations were measured in
whole blood by liquid chromatography-tandem mass spectrometry
after protein precipitation.

Immunohistochemistry. To evaluate PI3K/Akt pathway activa-
tion, phospho-Akt and phospho-S6 expressions were assessed by
immunohistochemistry. Tumour specimens obtained before treat-
ment initiation were used.

Immunohistochemical studies were carried out on formalin-
fixed, paraffin-embedded, 4 mm-thick tissue sections. Tissue
sections were deparaffinised three times in xylene for a total of
15 min and subsequently rehydrated. Immunostaining was per-
formed using rabbit monoclonal Phospho-Akt (Ser473)(D9E) XP
antibody (#4060, Cell Signaling Technology, Danvers, MA, USA)
and phospho-S6 ribosomal protein (Ser235/236) antibody (#2211,
Cell Signaling Technology) with the dilution of 1 : 80 and 1 : 200,
respectively, and Bond-max autoimmunostainer (Leica Biosystems,
Melbourne, Victoria, Australia) with BondTM Polymer refine
detection, DS9800 (Vision Biosystems). Staining for phospho-Akt
and phospho-S6 was considered to be positive when more than
10% of tumour cells showed membranous reactivity.

RESULTS

Patient population. A total of 21 patients with SCLC were
enrolled between January 2010 and May 2012. Baseline character-
istics were noted at the time of enrollment and are shown in
Table 1. The median age of patients enrolled was 59 years.

Fourteen patients had an ECOG PS of 1 and seven had a PS of 2.
All patients had been previously treated with at least two
chemotherapeutic regimens with a median of 11 cycles (range,
7–18). Six patients received prior thoracic radiotherapy, and 11
patients received cranial irradiation (6 for prophylactic purposes
and 5 for the control of brain metastasis). The disease was found to
relapse after a durable remission of more than 3 months following
the completion of first-line chemotherapy in nine patients
(sensitive relapse), and the other 12 patients experienced progres-
sion within 3 months after completion of first-line chemotherapy
(refractory relapse). Ten patients had one metastatic organ, seven
had two, and four had three or more metastatic organs.

Toxicity. None of the six patients entered at dose level 1
experienced DLT in cycle 1, allowing escalation to dose level 2.
At dose level 2, one out of the six patients experienced DLT (fever
with grade 4 neutropenia and grade 3 thrombocytopenia, leading
to death) in cycle 1, allowing escalation to dose level 3. At dose
level 3, the first (grade 4 thrombocytopenia) and the third (grade 3
hyperglycemia) patients experienced DLTs during cycle 1; thus,
level 2 was regarded as the highest well-tolerated dose and this
cohort was expanded by an additional six patients to obtain
additional safety and pharmacokinetic data. However, one out of
the additional six patients experienced tumour progression on day
8 of cycle 1 and was not fully evaluable. As a result, among the 11
patients evaluable for toxicity at level 2, DLT occurred in only 1
patient, as described previously, and level 2 was determined as the
MTD and the recommended phase-2 dose.

The median duration of the regimen at dose level 2 was three
cycles (range, 1–9): three patients completed six cycles, including
two patients who continued to receive single-agent everolimus for
3 and 9 weeks after paclitaxel discontinuation.

Overall, the study treatment was well tolerated at every level and
during the whole study period. As described early, there was one
drug-related death event due to pneumonia with grade 4
neutropenia, which was counted as a DLT at dose level 2. All
grades of toxicities are reported in Table 2.

Antitumour activity and its association with phospho-Akt and
phospho-S6 expression. Of the patients enrolled in the study, 18
were evaluable for tumour response. The overall response rate was
28% (5/18) and the amount of tumour shrinkage is shown in
Figure 1. All five objective responses were seen in patients who had
been categorised as being in the group of sensitive relapse.
Although the clinical relevance is limited because of the small
sample size, there was a tendency of higher response rates
according to the increased everolimus dose level: one objective
response out of 6 patients at dose level 1 (17%), 2 out of 10 patients
at dose level 2 (20%), and 2 out of 3 patients in dose level 3 (67%).

Among the six tumour specimens available for phospho-Akt
and phospho-S6 staining, two were positive for phospho-Akt and
three were positive for phospho-S6, whereas one was positive for
both (Figure 2). No objective response was observed in these two
phospho-Akt-positive patients (one stable and one progressive
disease). On the other hand, two objective responses were observed
among the four patients with phospho-Akt-negative tumours.
Regarding phospho-S6, one response was, respectively, shown in
the phospho-S6-positive (1/3) and -negative (1/3) groups.

Pharmacokinetics. Everolimus concentrations and pharmacoki-
netic profiles at the MTD were available in five out of six patients
enrolled in the expansion cohort, whereas one patient with early
disease progression was excluded as described early. The minimum
blood concentration (Cmin), oral clearance (CL/F), and the area
under the concentration time curve (AUC0–24) were 7.28 mg l� 1,
13.3 l h� 1, and 283.5 h*mg l� 1, respectively, which were consistent
with values in previously reported studies, where everolimus was
combined with paclitaxel or docetaxel (Andre et al, 2010;

Table 1. Baseline characteristicsAbbreviation: ECOG¼Eastern
Cooperative Oncology Group

Characteristic Total (n¼21)

Median age (years) 59

Gender

Male 19 (90%)
Female 2 (10%)

ECOG performance status

1 14 (67%)
2 7 (33%)

Prior therapies

Chemotherapy

Two prior regimens 15 (71%)
Three prior regimens 6 (29%)
Chest radiotherapy 6 (29%)
Brain radiotherapy 11 (52%)
Prophylactic 6 (29%)
Treatment 5 (24%)

Relapsing pattern after initial therapya

Sensitive 9 (47%)
Refractory 12 (53%)

Number of metastatic organ(s)

One 10 (48%)
Two 7 (33%)
Three or more 4 (19%)

aSensitive or refractory relapses were defined as relapses occurring more than or within 3
months, respectively, from completion of first-line chemotherapy.
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Ramalingam et al, 2010). The maximum blood concentration
(Cmax) of everolimus was 24.4 mg l� 1 and it was achieved at a
median time to Cmax (tmax) of approximately 4 h, with a wide range
of 0.98–6.02 h. The interpatient coefficient of variation of
pharmacokinetic parameters was less than 40%, except for Cmin

with a coefficient of variation of 52%.

DISCUSSION

This phase-1b study provides clinical support for the use of
everolimus in combination with paclitaxel for previously treated
SCLC patients. It is noteworthy that 5 mg everolimus once daily,
which is the level determined as the MTD in the present study, has
been previously demonstrated to produce the desired pharmaco-
dynamic effects (Tanaka et al, 2008). Toxicity profiles were
tolerable and the overall response rate was 28%. During the whole
study period, the most common grade 3–4 adverse events were
neutropenia (45%) and thrombocytopenia (15%), which could be
managed easily in most cases excepting for one case (neutropenic
fever leading to death). In the phase-2 study of single-agent
3-weekly paclitaxel for previously treated SCLC patients, the
incidences of grade 3–4 neutropenia and thrombocytopenia were
16% and 8%, respectively (Smit et al, 1998). The observed higher
incidence in our study could be attributed to the heavily
administered prior therapies or the addition of everolimus.
However, taken with the effects of prior therapy on the bone
marrow reservoir, the incidence of haematologic adverse events in
the present study cannot be regarded as abnormal.

Many trials have evaluated the appropriate schedule of
everolimus dosing between daily or weekly administration
(O’Donnell et al, 2008; Tanaka et al, 2008; Ellard et al, 2009;
Andre et al, 2010). Daily administration inhibited the mTOR
pathway more profoundly than did the similar total dose of weekly
administered everolimus (Tanaka et al, 2008). In addition, the
response rate for 10 mg everolimus daily was 12% compared with
0% for a 70-mg weekly schedule in patients with breast cancer
(Ellard et al, 2009). Based on these observations, daily adminis-
tration has been considered as the appropriate schedule and was
adopted in the present study.

In the pharmacokinetic analysis performed at dose level 2, Cmax

was lower than anticipated and the delay in tmax was greater than

Table 2. Adverse events and end-of-cycle 1 dose-limiting toxicities

Dosage by grade

2.5 mg
Daily
(n¼6)

5 mg
Daily

(n¼11)

10 mg
Daily
(n¼3)

All
(n¼20)

Adverse eventsb 1/2 3/4 1/2 3/4 1/2 3/4
Any

grade

Haematologic toxicities

Anaemia 5 0 10 1 3 0 19
Neutropenia 3 1 3 6 1 2 16
Thrombocytopenia 2 0 3 1 2 2 12
Febrile neutropenia 0 0 0 1 0 0 1
Leukopenia 4 1 4 4 2 0 15

Nonhaematologic toxicities

Anorexia 2 0 3 0 1 0 6
Vomiting 0 0 2 0 0 0 1
Stomatitis 2 0 5 0 1 0 8
Diarrhoea 0 0 2 0 1 0 3
Neuropathy 1 0 3 1 2 0 7
Pain 2 0 6 0 2 0 10
AST increased 1 0 4 0 1 0 6
ALT increased 1 0 5 0 0 0 6
Hyperglycemia 6 0 9 0 2 1 18
Hypertriglycemia 3 0 2 0 2 0 7
Itching 0 0 2 0 2 0 4
Pneumonitis 0 0 1 0 0 0 1

Dose-limiting toxicity, cycle 1

Thrombocytopenia 0 0 0 1a 0 1 2
Fever with grade 4
neutropenia

0 0 0 1a 0 0 1

Hyperglycemia 0 0 0 0 0 1 1

Abbreviations: ALT¼ alanine aminotranferease; AST¼ aspartate aminotransferase.
aTwo dose-limiting toxicities in the same person.
bA patient with multiple occurrence of an adverse event was counted only once in the
adverse event category. A patient with multiple severity ratings for an adverse event was
only included under the maximum rating.
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Everolimus and paclitaxel in SCLC BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2013.467 1485

http://www.bjcancer.com


expected. The imprecise tmax can reasonably be attributed to
infrequent sampling. However, the chance of a pharmacokinetic
interaction between everolimus and paclitaxel might be very low,
as it was previously demonstrated that the pharmacokinetic
parameters of everolimus were not affected by combined paclitaxel
therapy (Campone et al, 2009). It was observed in one study that
high-fat meals delayed tmax and reduced Cmax considerably
(Kovarik et al, 2002). Our study population was administered
with everolimus around 1400 hours after eating lunch on day 1 of
cycle 2, when most pharmacokinetic samples were drawn.
Therefore, food interaction might have caused the lower Cmax

and delayed tmax. Although a modest change in the oral absorption
process of everolimus was observed, steady-state systemic exposure
was not different from that measured after drug administration
under fasting conditions in patients with advanced solid tumours
(O’Donnell et al, 2008).

Until now, there has been no molecular determinant to predict
the therapeutic responsiveness of everolimus (Rodon et al, 2013). A
preclinical study showed that higher expression of phospho-Akt in
SCLC cell lines was associated with sensitivity to everolimus
(Marinov et al, 2009). On the other hand, in a clinical study, the
overexpression of phospho-Akt in baseline tumour tissues was
associated with poor overall survival in SCLC patients treated with
everolimus, whereas phospho-S6 expression seemed to predict
longer disease control duration after everolimus therapy (Tarhini
et al, 2010). Although it is limited in number, our data showed no
relationship between phospho-Akt or phopho-S6 expression and
antitumour effects of everolimus.

In conclusion, 5 mg daily everolimus and 3-weekly paclitaxel
175 mg m� 2 could be administered concurrently with manageable
toxicity and noticeable responsiveness. However, to increase the
clinical benefit of this regimen, the more defined patient selection
strategy should be investigated in the further trials.
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