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Abstract

Purpose  Sirolimus, an oral mTOR inhibitor, may comple-
ment the anti-angiogenic and anti-tumor activity of suni-
tinib, an oral small molecule inhibitor of multiple receptor
tyrosine kinases, by vertical disruption of vascular epithe-
lial growth factor receptor (VEGFR) signaling, by reducing
the compensatory production of VEGF in sunitinib-treated
patients and also by directly inhibiting tumor cell prolif-
eration. We conducted this phase 1 study to investigate the
maximum tolerated dose (MTD) for this combination of
sunitinib and sirolimus in humans.

Patients and methods Sunitinib was given at 50 mg
daily x 28 every 6 weeks. The first cohort received suni-
tinib alone for cycle 1 (50 mg daily for 2 weeks followed
by 2 weeks off) and received sunitinib at standard dose
50 mg daily for 4 weeks followed by 2 weeks off in combi-
nation with sirolimus 4 mg weekly; this dose and schedule
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were further investigated in second cohort. The third cohort
received decreased dose of sunitinib at 37.5 mg daily for
4 weeks followed by 2 weeks off in combination with
sirolimus at 4 mg weekly. Sirolimus dose was escalated to
8 mg weekly in fourth cohort.

Results Eighteen patients with ECOG PS of 0 or 1 were
enrolled, median age 57 years (range 24-76), M:F ratio:
11:7. Median number of prior treatments is 2 (range 0-5);
six patients had no prior systemic therapy. Half of patients
from the first two cohorts required dose reduction or early
discontinuation of treatment; therefore, sunitinib dose was
decreased to 37.5 mg daily in third and fourth cohort. In
third and fourth cohort, one-third of patients required dose
modification during cycle 1 or cycle 2. Multiple patients
had significant toxicities including fatigue and hand—foot
syndrome. One patient developed interstitial pneumonitis,
and one patient died suddenly on day 8 due to progressive
disease. There were six patients who tolerated four or more
cycles. Among these six patients, two patients with renal
cell carcinoma (RCC) achieved partial response; one subse-
quently underwent surgical resection of residual renal mass
and lymph node dissection and achieved complete response
afterward. One with metastatic melanoma also achieved
complete response after metastatectomy. There was no
apparent pharmacokinetic interaction between sunitinib
and sirolimus. 4 mg weekly sirolimus did not reduce the
sunitinib-induced circulating VEGF production but stimu-
lated more VEGF production through some unknown com-
pensatory mechanism.

Conclusion Toxicity precluded dose escalation of weekly
sirolimus in combination with a standard sunitinib dose/
schedule. These results suggest caution when combining
targeted agents lacking specificity for tumor signaling or
vasculature.
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Introduction

Sunitinib (Sutent) is a small molecule that selectively tar-
gets and blocks the intracellular signaling pathways of
multiple receptor tyrosine kinases (RTKSs) including: vas-
cular epithelial growth factor receptor (VEGFR), platelet
derived growth factor receptor (PDGFR), FLT3, c-KIT, and
RET [1]. It is currently FDA-approved for the treatment of
advanced RCC, imatinib-resistant or refractory gastrointes-
tinal stromal tumor (GIST), and advanced pancreatic neu-
roendocrine tumor [2-5]. In addition, sunitinib also showed
broad anti-tumor activity in other malignancies such as
lung, pancreas, thyroid cancer, sarcoma, and melanoma in
preclinical and early phase studies [6-9].

Standard dose of sunitinib is 50 mg oral daily, 4 weeks
on, and 2 weeks off [2]. The commonly observed toxicities
are associated with sunitinib included fatigue, nausea, diar-
rhea, stomatitis, myelosuppression, dermatitis. Cardiac tox-
icities such as asymptomatic decrease in ejection fraction
(EF), especially with pre-existing anthracycline treatment
or cardiovascular disease.

Sirolimus (rapamycin), a commonly used immunosup-
pressant for organ transplantation, is an inhibitor of mam-
malian target of rapamycin (mTOR) signaling pathway.
mTOR pathway dysregulation has been shown in a variety
of cancer cells, making mTOR pathway an attractive thera-
peutic target in treating cancers [10-12]. Sirolimus was
found to control angiogenic process by reducing tumor cell
production of VEGF and inhibit VEGF-stimulated cell pro-
liferation in vitro and in vivo [13].

Combination of doxorubicin and sirolimus was proved
to have effect on T cell acute lymphoblastic leukemia
(T-ALL) [14]. Other mTOR inhibitors such as temsiroli-
mus and everolimus were also tested in metastatic renal
cell carcinoma [15—18]. In a phase III trial, 626 untreated
RCC with poor-prognostic features were randomized to
receive either temsirolimus, interferon-a, or both agents
[16]. The temsirolimus arm achieved significant survival
benefit compared with the other two arms (10.9 vs. 7.3 vs.
8.4 months, respectively). This trial led to the approval of
temsirolimus for RCC patients with unfavorable prognosis
by Food and Drug Administration (FDA). Everolimus in a
similar fashion also obtained FDA approval for treatment
of RCC as salvage therapy [17].

Doses of sirolimus range from 2 to 40 mg per day in
organ transplantation setting. However, the pharmacoki-
netic and in vitro data suggest that low-dose sirolimus
given once weekly could effectively inhibit mTOR and
downstream p70S6k phosphorylation in cancer cells [19].
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Inhibition of mTOR pathway may complement the anti-
angiogenic and anti-tumor activities of receptor tyrosine
kinase inhibitors (RTKi) such as sunitinib, by disrupting
VEGFR downstream signals, by reducing production of
VEGF (which often increases in response to VEGFR inhi-
bition), by inhibiting cell proliferation. To test the hypoth-
esis, we conducted a phase I study to investigate the com-
bination of sunitinib and sirolimus in humans to determine
the MTD/schedule for future use in phase II trials. In addi-
tion, we assessed dose effects of this combination on serum
levels of VEGF and circulating endothelial cells, and to
obtain efficacy of this combination in treating solid malig-
nancies using RECIST criteria.

Patients and methods
Patient selection

Patients of equal or more than 18 years of age, with his-
tologically confirmed malignancy that was metastatic or
unresectable and for which standard measures do not exist
or no longer effective, with measurable disease by RECIST
criteria, adequate hematopoietic with Hgb > 9 g/dl,
ANC > 1000/ul, platelet >100,000/p1; liver functions
with total bilirubin <1.5 x upper limit normal (ULN),
AST/ALT < 3 x ULN; and renal function with serum
creatinine <2 x ULN, ECOG performance status of 0-1,
were enrolled in the study. All subjects had normal cardiac
ejection fraction as assessed by echocardiogram (ECHO)
or multiple gated acquisition (MUGA) scan prior to
treatment.

Sexually active men and women with child-bearing
potential used acceptable contraceptive methods. Pregnant
and nursing patients were excluded from the study.

Written informed consent was obtained accord-
ing to federal and institutional guidelines. The proto-
col was approved by institution’s human investigational
committee.

Drug administration

Sunitinib was supplied by Pfizer Global Research and
Development (La Jolla, CA) as capsules in strengths of
12.5, 25, or 50 mg. Sirolimus was administered orally once
weekly, beginning at 4 mg, and escalating to 8 mg weekly.

The first cohort of this study received sunitinib alone at
50 mg daily for 2 weeks followed by 2 weeks off as cycle
1, then followed by standard sunitinib dose and schedule
(50 mg daily for 4 weeks, and 2 weeks off) in combination
with sirolimus 4 mg weekly as described above for subse-
quent cycles (Table 2).
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Pretreatment and follow-up studies

Prior to the first course of treatment, histories and physi-
cal examinations were performed, and the following evalu-
ations were also obtained: complete blood count, routine
chemistries and electrolytes, clotting studies, urinalysis,
24 h urine creatinine clearance, 12-lead EKG, and ECHO
or MUGA scan. Tumor stagings appropriate to the disease
including CT of chest and abdomen, CT of pelvis, bone
scan, PET scan, CT or MRI of the brain, and tumor serum
markers were obtained pre-treatment and repeated every
8 weeks. Patients were evaluated weekly for adverse events.
The cardiac ejection fraction was measured every 3 months
while on study and at the completion of all study treatment,
using the same technique (echocardiogram, MUGA) used
for the baseline assessment and follow-up monitor.

Dose escalation and modification rules

Dose escalation was proceeded according to standard
phase I rules [20]. Both drugs were held for poorly toler-
ated grade 2 non-hematologic toxicities and any dose-lim-
iting toxicity (DLT) as defined (see Table 3). All patients
were observed for at least 6 weeks with no more than 1
DLT before patients may be entered at the next higher dose
level. Accrual of new patients continued until two patients
in a cohort developed DLT.

Maximum tolerated dose (MTD) was defined as one dose
level below that at which two or more patients experience a
DLT or the dose level at which one patient experience a DLT.

Missed treatment within a cycle was not made up. Treat-
ment with both drugs was restarted when non-hematologic
toxicities resolved to grade 1 and hematologic toxicities
resolved to grade 2. All treatments on study were discon-
tinued permanently for patients who experienced grade 4
non-hematologic DLT.

Toxicity assessment

The National Cancer Institute Common Terminology Cri-
teria for Adverse Events (CTCAE) version 3.0 was used to
grade toxicity.

Evaluation of response

Tumor response was evaluated based on RECIST criteria
every two cycles. In addition to a baseline scan, confirma-
tory scans were obtained 4-8 weeks following initial docu-
mentation of an objective response.

Pharmacokinetic (PK) study

Whole blood samples were drawn for PK of sunitinib
and metabolite SU012662 on day 15 of cohort 1 cycle 2
at pre-dose, and 1, 4, 6, 8, 24 h post-dose. Whole blood
samples (4 ml) were collected into a K-EDTA tube at
the specified time points. Following collection, blood
sample was gently inverted 15 times to mix whole blood
and anticoagulant. Samples were kept into an ice bath
at 2-8 °C during harvesting. Whole blood samples were
centrifuged at 4 °C for 10 min at 1000x g to separate the
plasma from the blood cells. The plasma layer (1.5 ml)
was transferred into an amber cryovial using a pipette.
Plasma samples were stored at —20 °C prior to ship-
ment to Yale Bioanalytical Laboratory for analysis. Fully
validated HPLC-MS/MS assay methods were applied to
quantify plasma concentrations of sunitinib [21]. Blood
samples were collected from three patients at each time
point.

Whole blood samples for PK of sirolimus were col-
lected using aforementioned methods on day 15 of
cycle 2 at pre-dose, and 1, 2, 4, 24 h post-dose. Siroli-
mus levels were determined by routine Yale New Haven
Hospital (YNHH) clinical laboratory assay [22]. Blood
samples were collected from three patients at each time
point.

Determination of VEGF (VEGF-A) and soluble
VEGF-R2 (sVEGFR2) in plasma

For the first cohort, blood (10 ml) was drawn into tubes
containing sodium heparin within 15 min before the admin-
istration of sunitinib on days 1 and 15 of cycles 1 and 2,
day 29 of cycle 2, and day 1 of cycle 3.

Plasma VEGF-A was measured using the Quantikine
sandwich ELISA (R&D Systems). Samples were diluted
1:1 in assay diluent and added to wells coated with a mono-
clonal antibody specific for VEGF. After washing away
unbound substances, a second horseradish peroxidase-
conjugated antibody was added to the wells. Antibody
binding was detected by adding tetramethylbenzidine as
a substrate, and after development of the color, the reac-
tion was stopped by adding 2 N sulfuric acid. Absorbance
was measured using a microplate reader set at 450 nm with
wavelength correction set at 570 nm.

Statistical method blood samples were collected from
three patients at each time point for PK data. Serum drug
concentrations were calculated using mean & SD; p value
was calculated using Student’s ¢ test.
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Table 1 Demographic data

Patients evaluable for toxicity 18

Median age 57 (24-76)
Male:female 11:7
ECOG PS 0/1 4/14

Primary tumors
Renal cell carcinoma (RCC)
Melanoma
Spindle cell carcinoma
Colorectal
Esophageal
Hepatocellular
Pancreatic neuroendocrine tumor
NSCLC (squamous cell)
Head and neck
Breast carcinoma (Her2/neu+)

[N S S S L S I S

Adenocarcinoma of unknown primary
Prior treatment

Radiation 7

Systemic chemotherapy 12

Median # regimens 2 (0-5)

None 6
96 mg (r 8-720)
2100 mg (r 300-18,600)
2 (r<1-17)

Median sirolimus dose (mg) (range)
Median sunitinib dose (mg) (range)

Median cycle of treatment (range)

Table 2 Dose escalation or de-escalation schedule and number of
patients treated each course

Cohort n Sunitinib Sirolimus

1 5 Cl1:50 mg days 1-15, 2 weeks off C1: not given
C2: 50 mg daily x 4 weeks, 2 weeks off C2: 4 mg wkly
3 50 mg daily x 4 weeks, 2 weeks off 4 mg wkly
3 3 37.5 mgdaily x 4 weeks, 2 weeks off 4 mg wkly
7 37.5 mgdaily x 4 weeks, 2 weeks off 8 mg wkly

Table 3 Defination of DLTs

Results
Baseline demographic characteristics

Eighteen patients consented for participating this phase I
trial between April 2006 and August 2007. Among eighteen
patients, five had kidney cancers including one clear cell
renal cell carcinoma (RCC), one papillary RCC, one med-
ullary RCC, one mixed cell type RCC (60 % of sarcoma-
toid component and 40 % clear cell component), and one
metastatic kidney angiomyolipoma (Table 1).

Median age of accrued patients was 57 years old. Eleven
patients were male, and seven were female. Majority
patients (14 out of 18) had ECOG performance status of 1.

Twelve out of eighteen patients had prior chemothera-
pies with a median number of regimens of 2.

The number of enrollment of each cohort and drug dose/
schedule is listed (Table 2).

Tolerability

The combination of sunitinib and sirolimus was observed
to be quite toxic in all cohorts.

In cohort 1, the first three patients received 17, 5, and
4 cycles, respectively. The patient with metastatic RCC
(clear cell) tolerated a total of 17 cycles of treatment but
experienced grade 3 toxicities including abdominal pain,
dyspnea, fatigue, diarrhea, electrolytes disturbance, and
asymptomatic drop of LVEF from 57 to 49 % requiring a
dose reduction of sunitinib from 50 to 37.5 mg daily since
cycle 5. The patient with medullary RCC experienced
grade 3 electrolytes imbalance with hyperglycemia and
hypophosphatemia, rash, abdominal pain and headache,
venous thromboembolic event (VTE), as well as con-
gestive heart failure and pleural effusion requiring dose
reduction of sunitinib to 37.5 mg daily in third cycle and
then to 25 mg daily in forth cycle. The third patient with

DLTs

1 Grade 3 or grade 4 non-hematologic toxicity, with the exception of alopecia or constitutional symptoms that could be reversed with sup-

portive care

Grade 2 or higher decrease in ventricular function

Platelet count <25,000/.1

AN L AW

Grade 4 neutropenia that persist >3 days or was associated with fever

Grade 2 non-hematologic toxicities which caused more than 30 % of the doses of both drugs to be held

Any treatment-related toxicity that persists without sufficient recovery to permit the start of a new cycle within 4 weeks of the planned date

@ Springer
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Table 4 Reasons for dose modification [dose reduction (DR), treat-
ment delay, or early discontinuation (ED)]

Cohort (sunitinib DRorEDincycle 1 Reasons for dose

dose; sirolimus dose) or DR for cycle 2 modification

1,2 (50; 4) 4/8 Diarrhea, rash/HFS,
fatigue, and worsen-
ing performance
status

3(37.5;4) 2/3 Thrombocytopenia;
mucositis

4 (37.5; 8) 2/7 Early death (not drug-

related); rash/HFS
and fatigue

Table 5 Grade 3/4 adverse events in each cohort (per CTCAE ver-
sion 3.0)

Adverse events (grade 3—4) Cohort Cohort2 Cohort 3 Cohort
1 4
Hematologic toxicities
Anemia 1 1 0 0
Leukopenia 0 1 0 0
Neutropenia 1 1 0 0
Thrombocytopenia 0 0 1 0
Non-hematologic toxicities
Fatigue 0 0 0 1
Rash/desquamation 1 0 0 1
Diarrhea 1 0 0 0
Electrolytes imbalance 3 0 0 2
Abdominal pain 1 0 0 0
Pain (NOS) 2 0 0 2
Thrombosis/embolism 1 0 0 0
Congestive heart failure 1 0 0 0
Respiratory (dyspnea, 2 1 0 0
pleural effusion)
Neurology (paralysis) 0 1 0 0
Death 0 1 0 1

spindle cell carcinoma developed grade 3 anemia, neutro-
penia, and dyspnea requiring dose reduction of sunitinib to
37.5 mg daily in fourth cycle. The patient did not finish the
4th cycle due to severe fatigue and worsening performance
status. Two patients only received two cycles of treatment,
one patient opted not to continue due to diffuse side effects,
and the other one was found to have progressive disease on
scan.

Given dose reduction or discontinuation of sunitinib
resulted in resolution of toxicity within 7 days despite
continued administration of sirolimus suggested that
the adverse events were primarily caused by sunitinib.

Therefore, we continued with cohort 2. Three patients were
enrolled into this cohort. The first patient tolerated a total
of four cycles, but required early discontinuation in cycle 1
and twice dose reduction at cycle 2 and then cycle 3 due to
fatigue. Similarly, the second patient required early discon-
tinuation of sunitinib in cycle 1 and dose reduction at cycle
2. However, even with a 25 % reduced dose, this patient
only tolerated 15 days in cycle 2. The third patient, a
59-year-old white male with metastatic non-small cell lung
cancer (squamous cell carcinoma in histology) underwent
laser treatment for right airway debridement during cycle 3
treatment; procedure was complicated with grade 3 pulmo-
nary hemorrhage. Embolization of two bronchial arteries
was performed in an attempt of stopping the bleeding; the
patient was further complicated with grade 4 motor neu-
ropathy (paralysis) after embolization. The patient expired
14 days after laser treatment. The death was believed not to
be related to study drugs.

The overwhelming toxicity we encountered in cohort
1 and 2 precluded further dose escalation, protocol was
amended to allow a change to proceed with de-escalation
schedule as listed in Table 2. Cohort 3 started with sunitinib
37.5 mg daily in combination with sirolimus 4 mg weekly.
Three patients were enrolled. The first patient, a 54-year-
old white male with diagnosis of metastatic esophageal
cancer only tolerated 15 days in cycle 1 due to grade 3
thrombocytopenia. He was then started cycle 2 with suni-
tinib 25 mg daily. This cycle was complicated with a grade
4 hemolysis which precluded him from receiving further
treatment. The other two patients were able to tolerate two
full cycles of treatment; one did require dose reduction
from 37.5 mg daily to 25 mg daily at second cycle due to
grade 2 mucositis. Both patients subsequently were taken
off the study due to evidence of disease progression on fol-
lowing CT scans (Table 3).

Since no more than two patients experienced DLTs in
cohort 3, we started cohort 4 with an effort of dose escalat-
ing sirolimus only. Seven patients enrolled in cohort 4.

A 65-year-old black female in cohort 4 with remote his-
tory of RCC, status post-nephrectomy, and a diagnosis of
adenocarcinoma with unknown primary expired suddenly
while on this cohort for only 8 days. The cause of death
was attributed to tumor compression and invasion of the
left carotid bundle, although other causes such as pulmo-
nary embolism or myocardial infarction could not be com-
pletely excluded. The death was believed not to be related
to study drugs (Table 4).

Other patients in this cohort developed grade 3
hypophosphatemia (2), severe flank/kidney pain (1), limb
pain (1), rash/hand—foot syndrome (HFS) (1), and fatigue
(1). Overall, the toxicities of each cohort are summarized
in Table 5.
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Table 6 Overall efficacy

Best response

Number of patients (%)

Tumor types

CR 0 n/a

PR 2(11.1 %) RCC

SD 2(11.1 %) RCC and PNET
PD 14 (77.8 %) Others
Efficacy

Median cycle of sunitinib/sirolimus treatment were two
cycles with a range of 1-17; only six patients tolerated
more than four cycles including one medullary RCC (four
cycles), one papillary RCC (five cycles), one clear cell
RCC (17 cycles), one spindle cell carcinoma (five cycles),
one breast cancer (four cycles), and one pancreatic neu-
roendocrine tumor (PNET) (16 cycles).

RECIST criteria were used to evaluate the tumor
response. Two patients (one in cohort 1 and one in cohort
4) only received treatment less than two cycles and there-
fore were excluded for response assessment due to lack of
restaging scans. Response was assessed for patients who
tolerated more than two cycles (Table 6). Two patients
achieved partial response (PR); both had RCC. The one
with papillary RCC eventually achieved no evidence of dis-
ease (NED) after surgical resection of residual renal mass
and lymph nodes. He remained NED for more than 5 years.

Two patients achieved stable disease (SD). The patient
with clear cell RCC subsequently moved onto sorafenib as
second-line salvage therapy. The other patient with pancre-
atic NET had stable disease since the initiation of this trial,
tolerated a total of 17 cycles.

Three patients demonstrated transient central necrosis
or size reduction in some tumors/metastases, but not quali-
fied for a best response of PR or SD per RECIST. Fourteen
patients had progressive disease; 10 of 14 developed new
metastatic lesions.

Pharmacokinetic analysis

Plasma was collected and separated from peripheral blood
samples harvested at different time points. Three speci-
mens were taken for each time point. Serum concentra-
tions of sunitinib and its main metabolite, SU012662, as
well as sirolimus were measured in bioanalytical labora-
tory and YNHH clinical laboratory, respectively. Sunitinib
and SUQ12662 serum concentrations reached relatively
stable level after 15 days of continuous administration
(Fig. 1). There is some variation among individual meas-
urement; however, the addition of sirolimus did not signifi-
cantly affect the concentration of sunitinib. Sirolimus levels
were measured and charted (Fig. 1). 4 mg weekly dose of
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Fig. 1 Pharmacokinetics data of cohort 1 (fop sunitinib and its active
metabolite SU012662 serum concentration (ng/ml), bottom sirolimus
serum concentration (ng/ml) in cohort 1)
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Fig. 2 Serum VEGF-A level (pg/ml) in cohort 1

sirolimus reached peak at 2 h post-administration; within
24-h, the level has returned back to pre-administration
level.

Pharmacodynamic analysis
We measured VEGF-A, one of the major VEGFR ligands,

by ELISA on days 1 and 15 of cycles 1 and 2, day 29
of cycle 2, and day 1 of cycle 3 (Fig. 2). VEGF-A was
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expectedly rising after initiation of sunitinib and peaked
at day 15 and then dropped down to almost baseline level
on day 1 of cycle 2. Interestingly, in cycle 2, the circulat-
ing VEGF-A was not suppressed by the addition of siroli-
mus as we hypothesized but further elevated and peaked at
day 29 along with sunitinib administration, subsequently
dropped down to almost baseline on day 1 of cycle 3 when
off sunitinib. The addition of sirolimus in cycle 2 appears
to have induced an efficient compensatory mechanism in
tumor cells to produce VEGF.

Discussion

The standard dose of sunitinib is 50 mg daily for 4 weeks
followed by 2 weeks of rest. However, this dose and sched-
ule has been universally noted to cause significant toxicities
[2-5]. Dose reduction is generally accepted; 37.5 mg dose
achieves similar efficacy. Previously, tumor re-growth dur-
ing the off-treatment time had been reported clinically. Add-
ing another signal transduction pathway blocker to enhance
the anti-tumor effect of sunitinib was then considered.
mTOR inhibitors were thought to be a reasonable candidate
to work synergistically with sunitinib by double blocking
both VEGF and PI3k/akt pathways [10-13, 23-26].

This phase I trial was designed to test this hypothesis in
humans. The starting dose of sunitinib and sirolimus were
chosen based on previously known data in the literature;
unfortunately, we encountered overwhelmingly significant
toxicities in cohort 1 and 2. More detailed assessment of
toxicities revealed prominent toxicities related to sunitinib
administration. Thus, dose de-escalation was proposed in
cohort 3 with a 25 % reduced dose of sunitinib. Among the
three patients in this cohort, toxicities seemed to be milder
compared to prior cohorts. Cohort 4 with an effort of esca-
lating sirolimus dose was attempted. In this cohort, the
toxicity profile was not very overwhelming; however, the
efficacy was not encouraging either. Our overall impression
of this combination was very toxic. A few patients were
able to tolerate full courses of treatment with planned dose
and schedule; however, majority of patients in each cohort
required dose modification.

This was also observed in other sunitinib combination
therapies. Rini et al. reported patients receiving sunitinib at
50 mg daily in combination with VEGF monoclonal anti-
body bevacizumab at 10 mg/kg experienced significant
toxicities including hypertension, fatigue, and cytopenias.
Dose reduction or delay in continued therapy was required,
although patients in that study tolerated relatively better at
lower dose levels [27].

Sunitinib seems to be the one causing the majority of
adverse events although whether there is synergistic effect
between sunitinib and sirolimus is not clear yet.

Pharmacokinetics study did not reveal apparent drug—
drug interaction between sunitinib and sirolimus; this was
also proved in other study [28]. Although the dose and
schedule of sirolimus seem to be low and infrequent, the
effect on sunitinib-induced compensatory VEGF produc-
tion was strikingly interesting. The addition of sirolimus
was thought to be able to decrease the sunitinib-induced
VEGF production. However, in contrast to our original
hypothesis, our data demonstrated a totally unexpected
phenomenon—VEGF went further up along with sunitinib
and sirolimus administration, only came down during the
sunitinib off weeks. This observation disappointed us in
the thinking that current dose/schedule of sirolimus had no
effect on interrupting the compensatory VEGF production
although we could not prove whether sirolimus has direct
effect on tumor cell proliferation with these data.

This interesting observation made us think whether the
true molecular mechanisms of sirolimus and sunitinib are
fully understood. In our opinion, we should be very cau-
tious when combining two anti-angiogenic agents lacking
specificity for tumor signaling.

In summary, data from this trial suggested that a com-
bination of sunitinib and sirolimus at current tested doses/
schedules is not acceptable due to overwhelming toxicities.
Dose escalation was not achieved as originally planned;
dose reduction with sunitinib and dose escalation of siroli-
mus strategy were not able to produce enough data to war-
rant a phase II trial.
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