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Abstract
PURPOSE—Heat shock protein 90 inhibition affects the Raf-kinase signaling pathway and could
enhance anti-tumor effects of sorafenib, a Raf-kinase inhibitor. The combination of sorafenib and
tanespimycin (17-AAG/17-allyl-amino-geldanamycin; NSC # 330507/KOS-953) was evaluated in
a phase I trial with the primary objective of defining a phase II dose

PATIENTS AND METHODS—The dose cohorts consisted of fixed continuous oral dosing of
sorafenib 400 mg twice daily, starting 14 days prior to tanespimycin which was administered
intravenously, at escalating doses, (starting at 300 mg/m,2 with 50 mg/m2 increments), on days 1,
8 and 15, in a 28-day cycle. Toxicity was assessed weekly; response was evaluated every 2 cycles.

RESULTS—Twenty-seven toxicity-evaluable patients were enrolled and treated at four dose
levels. Predominant primary malignancies were: renal cancer (12), melanoma (6) and colorectal
cancer (4). Dose-limiting toxicities of grade 4 transaminitis and grade 3 hand-foot syndrome in 1
patient each were observed at 450 mg/m2 of tanespimycin. 114 cycles were administered with a
median of four cycles (range 1–17 cycles). Plasma concentrations of sorafenib and metabolites
reached steady-state after 7 days. Tanespimycin did not alter sorafenib concentrations.
Pharmacodynamics showed a decrease in Hsp90 levels and induction of Hsp70. Clinical efficacy
was observed in 9 of 12 renal cancer patients and 4 of 6 melanoma patients

CONCLUSIONS—Recommended phase II doses of this combination are sorafenib 400 mg twice
daily and tanespimycin 400 mg/m2 on days 1, 8 and 15 every 28 days. Clinical and
pharmacodynamic activity was observed in kidney cancer and melanoma.
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INTRODUCTION
Sorafenib is a Raf kinase inhibitor that has proven clinical efficacy in advanced renal and
hepatocellular cancer. It is currently approved by the Food and Drug Administration for use
in those malignancies1,2. B-Raf and C-Raf (wild-type and mutant) are involved in
angiogenic development and are both inhibited by sorafenib3. Activating mutations of B-
Raf are found in about 70% of melanoma cell lines and in other common solid tumor cell
lines, such as those of breast cancer and lung cancer4.

Heat shock protein 90 (Hsp90) is a chaperone protein integral to maintaining the proper
configuration of important cellular signaling proteins5. Raf-1 kinase is one of the client
proteins of Hsp 906. Other important client proteins include Akt kinase, Bcr-Abl kinase,
CDK4, HER2 and HIF-1alpha.5 Inhibition of Hsp90 causes abnormal folding of its client
proteins resulting in their degradation by the ubiquitin proteasome pathway.5–7 17-
demethoxy-allylaminogeldanamycin/17-AAG (tanespimycin) is a benzoquinone ansamycin
antibiotic with antiproliferative activity related to Hsp90 inhibition8. Tanespimycin acts by
binding to the hydrophobic ATP/ADP-binding site of Hsp90. 9 Tumor Hsp90 is present in
multi-chaperone complexes with high ATPase activity, and possesses 100-fold higher
binding affinity for tanespimycin, which provides a potential tumor-selective effect.9 In a
stressful cellular environment, as may exist in tumors due to the continued production of
proteins necessary to sustain proliferation, Hsp90 accumulates and has an essential role in
maintaining oncogene function and activation.10 The role of Hsp90 inhibition could also be
important in augmenting the effects of other anti-cancer therapies that induce tumor cell
stress11. Previous in vitro studies exploiting Hsp90 inhibition in combination with Raf-
kinase inhibition12 reported cytotoxic synergy with regards to mitochondrial injury and
apoptosis induction between tanespimycin and UCN-01, a protein kinase C, and a Raf-
kinase inhibitor in leukemia cells. Decreased Akt-activation and marked downregulation of
C-Raf, Mek-1 and 2, and MAP-kinases were noted with the combination therapy, compared
to either agent alone. Raf-1 kinase inhibition antagonizes the activation of the nuclear factor
kappa B (NF-kB) transcription factor signaling pathway13 and also abrogates the
stimulation of NF-kB by tumor necrosis factor alpha and interleukin-1 beta, thereby
affecting the progression and proliferation of tumor cells13.

The proposed rationale for evaluating tanespimycin and sorafenib in combination is that the
raf-kinase inhibition resulting from sorafenib is likely to be increased with the modulation of
Hsp90 and could result in enhanced degradation of certain Raf isoforms14.Tanespimycin
can also affect a number of other Hsp90 client proteins that are critical to cellular function.
Independent of Raf pathway modulation, sorafenib is known to inhibit VEGF-R kinase
action directly, and 17-AAG has also demonstrated VEGF-related signaling blockade15.
The combination of sorafenib and 17AAG could potentially act at both distinct and related
pathways to affect cancer cell proliferation and angiogenesis.

Patients and Methods
This clinical trial was conducted at Wayne State University, and the University of Maryland.
The protocol and consent were reviewed and approved by the Human Investigation
Committee of each participating institution. Patients had to have a metastatic or unresectable
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histologically confirmed solid tumor malignancy with radiologic and/or clinical progression.
Patients signed a written, informed consent prior to enrollment. Patients allergic to eggs
were excluded because 17- AAG is formulated in egg phospholipids. Performance status per
ECOG score was required to be ≤ 2 with minimum life expectancy of 12 weeks. Patients
had to have acceptable hepatic, renal, and bone marrow function.

Patients with known brain metastases or those taking oral anticoagulation with warfarin
were excluded. Patients with prolonged QT interval (> 450 milliseconds in males and > 470
milliseconds in females) were ineligible. 2D ECHO or MUGA scan and pulmonary function
tests had to demonstrate minimum ejection fraction of 40% and DLCO ≥ 60% respectively.

Treatment Plan
Therapy was started with a fixed oral sorafenib dose of 400 mg twice daily for the first 14
days (cycle 1). Sorafenib was administered with at least 250 mL of water without regard to
meals but preferably with a low to moderate fat meal. Subsequently tanespimycin was
started as an intravenous infusion, at escalating dose levels. starting at 300 mg/m,2 with 50
mg/m2 increments in each dose level cohort. Tanespimycin was administered on days 1, 8,
and 15 of each 28-day cycle. Sorafenib was continued at the same dose daily continuously
without interruption unless dose modification was required.

Evaluation
Primary Objective—The primary objective was to determine the recommended phase II
dose of the combination. The maximally administered dose (MAD) was the dose at which at
least 33% of patients experienced dose-limiting toxicity (DLT), and was one dose level
higher than the recommended phase II dose. DLT was defined as: ANC ≤ 500/µL; platelets
≤ 25,000/µL; drug-related non-hematologic grade 3 or 4 toxicity (despite appropriate
prophylactic or therapeutic measures being administered); inability to tolerate one 4-week
dosing course due to toxicity; or any drug-related adverse event resulting in a treatment
interruption of ≥ 14 days. Toxicity was assessed weekly during the first 6 weeks of therapy
and then on the days of tanespimycin administration. The National Cancer Institute (NCI)
Common Terminology Criteria for Adverse Event reporting, version 3.0, were used for
toxicity grading. Response was evaluated initially after 6 weeks of therapy, and at
subsequent 8-week intervals. Response, progression and stable disease were defined per the
RECIST criteria. All patients who demonstrated either response or stable disease were
defined as having clinical benefit (CB).

Pharmacokinetic (PK) Sampling—Sorafenib trough concentrations (at least 10 hours
from the previous sorafenib dose) were obtained pre-therapy and after 7 days of sorafenib
administration. On day 14 of sorafenib alone, blood samples were collected in heparinized
tubes at the following time points: cycle 1; pre-dose, and at 0.5, 1, 2, 3, 4, 6, 9, and 12 hours
after the administration of the first dose of sorafenib. Samples were collected pre-dose, and
0.5, 1, 2, 3, 4, 6, 9, and 12 hours after the start of the tanespimycin infusion.

Blood samples were centrifuged at ambient temperature at 2000×g for 10 minutes, and
plasma was collected and stored at −80°C until analysis. Sorafenib plasma concentrations
were determined by Bayer Pharmaceuticals (Hamden CT), using a validated liquid
chromatography tandem mass spectrometry (LC-MS/MS) method with ([2H3, 15N]
sorafenib) as the internal standard.17 The linear calibration curve was constructed over the
sorafenib concentration range of 5 to 2,000 ng/mL. The intra- and inter-day precision and
accuracy were within 15% of deviations. tanespimycin plasma concentrations were
determined using a validated high-performance liquid chromatography method, as reported
previously.18
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PK parameters for sorafenib and tanespimycin in individual patients were estimated using
noncompartmental analysis with the computer software program WinNonlin version 5
(Pharsight Corporation, Mountain View, CA). The maximum plasma concentration (Cmax),
the time(s) of occurrence for maximum concentration (Tmax), and pre-dosing trough plasma
concentration (Cmin) were obtained by visual inspection of the plasma concentration versus
time curves. The total area under the plasma concentration versus time curve from time zero
to the last sampling time point (AUC0-t) was calculated using the linear and logarithmic
trapezoidal method for ascending and descending plasma concentrations, respectively. The
total area under the plasma concentration versus time curve from time zero to infinity
(AUC0-∝) was calculated as the sum of AUC0-t and the extrapolated area, which was
calculated by dividing the last observed plasma concentration by the terminal rate constant
(λz), where λz was estimated from the terminal log-linear phase of the plasma concentration
versus time curve. Terminal plasma half-life (t1/2) was calculated as 0.693/λz. Clearance
(CL) was calculated as Dose/AUC0-∞.

Pharmacodynamic (PD) Sample Collection and Processing—Blood samples were
collected in two BD Vacutainer CPT™ tubes with sodium heparin before therapy, 7 days
after beginning sorafenib and 72 hours after the first and third tanespimycin administrations
(days 1 and 15 of cycle 2). Stability studies have shown that such samples are stable for 24
hours at room temperature. The blood was centrifuged within 2 hours at room temperature
and at 1800×g for 15 minutes following the manufacturer’s instructions. The plasma layer
was carefully removed without disturbing the peripheral blood mononuclear cells (PBMC).
The PBMC of each patient were pooled and washed twice, first with ice-cold phosphate-
buffered saline (PBS) followed by Bio-Plex™ (BioRad, Hercules, CA) cell wash buffer
before being subjected to lysis using 75µl Bio-Plex™Cell Lysis buffer. Lysates were
processed following the Bio-Plex™Cell Lysis Kit protocol and stored at −80°C until they
were used for Western blotting. The Bio-Plex™ lysis buffer is formulated to stabilize
phosphoproteins. Just prior to cell lysis, a mixture of protease inhibitors and phosphatase
inhibitors were added.

Western Blotting
PBMC were analyzed for Hsp90, Hsp70 (monocloncal antibodies from Assay Designs, Ann
Arbor, MI); CDK4, pAKT, pERK, c-Raf (antibodies from Cell Signaling Technologies,
Boston, MA)) and beta-actin (antibodies from Sigma, St. Louis, MO) expression. We loaded
either 25 or 50 µg of total cellular protein as determined by Bradford assay (Sigma)
dependent on the protein yields from the PBMC. Each Western blot membrane contained all
available time points for 2 patients and was probed with 6 antibodies. Beta-actin was used as
a loading control. A chemiluminescence-based developing system from Millipore was used
with Kodak Biomax films that were scanned and analyzed. To account for differences in
amounts of protein loaded and variability of assay conditions, the quantification of signal
intensities was performed by relating the expression of a particular protein before and after
treatment to the intensity of the actin band in the same specimen. Signals were quantified
using NIH Image J software to measure the mean signal intensity (grey scale) value and its
integrated density. Resulting absolute intensities were determined, and a relative intensity
value was obtained by dividing the absolute intensity of protein X by that of the beta-actin
loading control. Whole cell lysates from the Hs578T breast cancer cell line, and the PC-3
prostate cancer cell line were used as positive controls.

Statistical methods
The data from this Phase I trial were summarized using descriptive statistics, including point
estimates and confidence interval (CI) estimates. The PD variables were presented using
multiple box plots. Baseline (Day −14) levels of the PD variables were compared by clinical
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benefit (CB) status (yes/no) using the exact version of the Wilcoxon rank sum test (2-sided).
CB was defined as either partial response (PR) or stable disease (SD). Among CB patients,
the levels of PD variables at Day −1, Day +4, and Day +18 were compared vs baseline (Day
−14) using the exact version of the Wilxocon signed-rank test. Since these analyses of the
PD variables were hypothesis generating only, no adjustment for multiple comparisons was
applied.

Sorafenib Cmax and AUCτ values (on day −1) and in combination with tanespimycin (on
day 1) were compared using the paired t-test.

Time to progression (TTP) was measured from date of treatment start, until date of
documented disease progression..If no progression occurred, patients were censored for TTP
as of the date of their last tumor assessment. Overall survival (OS) was measured from date
of treatment start, until date of death from any cause. Patients still alive were censored for
OS as of the date of last follow-up for vital status determination. The censored TTP and OS
distributions were estimated with standard Kaplan-Meier (K–M) methods. Due to the
modest sample size (or number of events), time-to-event (TTE) statistics (e.g., median, 6-
month rate, ctc.) were estimated more conservatively using linear interpolation among
successive event times on the K–M curves.16

Results
Patient Characteristics

Twenty-eight patients were consented, however one was deemed ineligible due to presence
of brain metastases in pre-study screening. One patient died during the first cycle of therapy,
considered to be possibly related to study medication. Three patients had to discontinue
therapy after the first cycle due to severe toxicity from sorafenib alone. All twenty-seven
patients were evaluable for the primary endpoint of toxicity assessment, but twenty three
patients were response evaluable. Twelve patients with renal cancer were enrolled, of which
2 were untreated, 7 had received prior VEGF inhibitor therapy, 2 had received prior
chemotherapy and 1 had received immunotherapy. None of the patients had received prior
sorafenib therapy. Patient characteristics are summarized in Table 1.

Treatment Administered and Dose Modifications
A total of 114 cycles of treatment were administered, with a median of 4 cycles (Range 1 –
17). Fifteen patients did not require any dose adjustments. Dose modifications of sorafenib
to 400 mg once daily and of tanespimycin to one dose level lower were required in 3 and 4
patients, respectively. Treatment interruptions of either sorafenib or tanespimycin were
noted in 5 and 2 patients, respectively. If patients had toxicities requiring a dose reduction in
the first 2 cycles this was considered a dose limiting toxicity. If patients required a dose
reduction of sorafenib during the first 14 days of therapy, then they were not started on
tanespimycin. Hence all the dose reductions were in the patients who stayed on therapy
beyond 2 cycles, as they were deriving clinical benefit.

Toxicity
Twenty-seven patients were evaluable for toxicity (Table 2). At the 450 mg/m2 dose of
tanespimycin, dose-limiting toxicities of grade 4 transaminitis and grade 3 hand-foot
syndrome were observed in 1 patient, and grade 3 hand-foot syndrome was seen in a second
patient. Four treatment-related hospitalizations occurred and these patients demonstrated
multiple grade 3 and 4 toxicities. One was due to diarrhea, dehydration, abdominal pain and
transaminitis, and another was due to severe hand-foot syndrome and fatigue. The other
reasons for admission were vaginal hemorrhage and anemia in a patient with primary cervix
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cancer, and chest pain and dyspnea in another. The predominant toxicities attributed to
sorafenib were hand-foot syndrome and diarrhea. The most prevalent toxicities related to the
combination were nausea and emesis. One death, possibly attributed to study medication
occurred.

Response and Survival
Twenty-three patients received at least 2 cycles and were evaluable for response. Of these,
two (9%) demonstrated a partial remission (PR); one with thyroid cancer and one with renal
cancer, and fourteen (61%) had stable disease (SD). Disease stabilization was noted in eight
patients with renal cancer and four with melanoma and one patient each with colorectal
cancer and cancer of cervix. Clinical benefit (PR+ SD) was noted in a total of sixteen (70%)
patients. Of the twelve patients with renal cancer, nine (75%) had clinical benefit; one PR,
and eight SD. One patient with renal cancer had SD, and continued on therapy for 17 cycles.
Among the 10 SD patients the median duration was 3.4 months (range 2.6 – 15.9 months).
Of the six patients with melanoma, four demonstrated SD. Figure 1 reveals an example of
remarkable change in tumor consistency with no change in tumor dimensions. Median TTP
for all patients (N=27) was 2.9 months (90% CI 2.3 – 4.1 months), and median OS was 12.1
months (90% CI 7.9 – 18.6 months).

Pharmacokinetics (Figures 2A and 2B)
Sorafenib exhibited an irregular or erratic absorption profile, with the peak time (Tmax)
ranging from 1 to 10 h. The plasma concentration of sorafenib and its N-oxide metabolite
reached the steady-state after 7 days of chronic treatment, with mean steady-state trough
levels of 8.0 and 1.5 µM, respectively [Figure 2A]. The coadministration of 17-AAG did not
significantly alter the systemic exposure of sorafenib and its O-oxide metabolite. When
administered orally alone and in combination with 17-AAG, sorafenib achieved the Cmax,
expressed as the mean (with % CV in parenthesis), of 12.5 µM (39%) and 13.1 µM (46%),
respectively, P = 0.437; it had the mean AUCτ of 90.7 µM*h (44%) and 85.0 µM*h (39%),
respectively, P = 0.435 [Table 3].

Following intravenous infusion, Cmax (end of infusion) and AUC of tanespimycin and its
major metabolite, 17-AG, increased with increasing tanespimycin dose (Figure 2B). On day
1, following the 3-hour intravenous infusions of 300, 350, 400, and 450 mg/m2, the mean
tanespimycin Cmax were 6.0 µM (range 4.4 to 7.9 µM, n = 3), 10.9 µM (range 7.8 to 18.3
µM, n = 6), 10.3 µM (range 6.6 to 13.3 µM, n = 3), and 15.2 µM (range 11.9 to 18.6 µM, n
= 2), respectively (Figure 2B). Tanespimycin Cmax and 17-AG C max were similar on days 1
and 15, suggesting that tanespimycin PK were not changed with time or by concurrent
administration of sorafenib. Tanespimycin exhibited a short elimination half-life, with a
mean value of 3.6 h (range 1.1 to 6.6 h). The clearance (Mean ± SD) was 15.0 ± 7.9 L/h/m2

(range 4.8 to 32.9 L/h/m2). PK variability of tanespimycin, as determined with
interindividual variability in tanespimycin clearance and assessed by CV%, was 53.0%.

Pharmacodynamics
The markers below were evaluated, and their individual associations with clinical benefit
were explored (Figure 3). Clinical benefit was defined as either PR, MR or SD. Biomarker
levels are reported cumulatively for all dose levels because PK revealed that the minimum
tanespimycin concentrations achieved in our patient samples were considerably higher (see
Figure 2 and PK Results above) than the minimum concentrations reported to produce
pharmacodynamic effects in prior studies conducted in xenograft models (123 nM to 20
mM)19, 20.

Vaishampayan et al. Page 6

Clin Cancer Res. Author manuscript; available in PMC 2011 July 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Hsp90 and Hsp70 levels
Baseline (Day −14) Hsp90 levels were weakly significantly different (p = 0.0604) between
patients with vs without clinical benefit (CB). There was a decrease in Hsp90 levels after
tanespimycin therapy in 6 of the 14 patient samples tested. All 6 patients with decline in
Hsp90 levels demonstrated clinical benefit, and all 4 patients with progression had an
increase in Hsp90 levels. (Figure 3A). Hsp90 levels were not affected by sorafenib therapy.
Among the CB patients, Hsp90 levels were not significantly different at any time point vs
baseline (p ≥ 0.3750 for each of the 3 time points: Day −1, Day +4, and Day +18.

Baseline (Day −14) Hsp70 levels did not differ significantly (p = 0.3736) between patients
with vs those without CB. Hsp70 induction was noted in 11 of 14 samples after treatment
with tanespimycin. An increase in Hsp70 level was noted in 8 of the 10 patients showing
clinical benefit after tanespimycin therapy, whereas the levels in the 4 patients without
clinical benefit were unchanged (Figure 3B). Among the CB patients, Hsp70 levels were
weakly significantly different from baseline only at Day +4 (p = 0.0547) and at Day +18 (p
= 0.0313).

Other Correlates
Four of six patients had a decrease in c-Raf. Three of the four patients demonstrated clinical
benefit (Figure 3C). Three patient samples showed a decline in pErk levels (Figure 3D]. An
example of a remarkable post-therapy decline in c-Raf is shown in patient # 22 (Figure 4A).
Figure 4B demonstrates a western blot for samples from a patient with prolonged SD (17
cycles), with a high baseline level of Hsp90 and reduction after therapy.

Discussion
This phase I trial established the recommended phase II doses of sorafenib at 400 mg twice
daily and tanespimycin at 400 mg/m2. The study demonstrated feasibility of administering
clinically effective doses of sorafenib in combination with tanespimycin. Hand-foot
syndrome and hepatotoxicity were the dose-limiting toxicities.

The sorafenib concentrations noted were consistent with previously published data 21. The
PK revealed a dose-dependent increase in tanespimycin and metabolite concentrations. The
tanespimycin concentrations were similar to those reported in prior trials22–24.and
tanespimycin did not significantly alter the systemic exposure of sorafenib and its N-oxide
metabolite.

Tanespimycin modifies Hsp90 and Hsp70 levels in tumor cells in vitro and in vivo19,20,25.
This led us to include Hsp90 and Hsp70 assessment as correlates in our trial design, to
establish proof of principle of target inhibition. The PK data showed that tanespimycin was
detected in the serum of all patients, independent of the administered dose and above the
concentrations that we have previously defined necessary to modulate the target, and Hsp90
client proteins, in cell lines, and human xenograft tumor tissues19,20. Banerji et al. have
previously confirmed the PK-PD relationship of tanespimycin in animal models, and
compared PD in tumor to PBMC samples. Their results showed, that changes in molecular
biomarkers that occur in tumors, are well represented in PBMCs at drug concentrations
required for therapeutic efficacy 23. The latter suggests that the use of PBMCs to assess PD
effects of tanespimycin is informative, even at the lowest concentrations achieved in our
study. However, the association between Hsp90 decrease in PBMCs, and observed clinical
efficacy is hypothesis-generating only and is limited by the small sample size and variations
in dose and tumor type that are inherent in a phase I study.
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Response determination as a surrogate for clinical outcome presents a challenge in the era of
targeted therapy, especially when the most frequently induced response is stable disease.
The RECIST criteria27 are based on single-dimension measurements of tumor masses. A
remarkable radiologic change in tumor density in the absence of any appreciable change in
tumor dimensions was noted in our study, as shown in Figure 1. The Choi26 criteria (≥10%
decrease in dimensions on RECIST, or ≥15% decrease in tumor density as measured by
Hounsfield units on CT scan) could supplement RECIST in assessing response to targeted
therapies. The Choi criteria have been validated in gastrointestinal stromal tumors28 and
were recently evaluated in targeted therapy of renal cancers, where they were found to be
better predictors of survival than RECIST. The change in tumor lesion density/consistency
should thus be considered when reviewing responses to targeted therapies and their
combinations.

Sorafenib has demonstrated efficacy specifically in renal cancer and hepatocellular
cancers1,2. The geldanamycin-based Hsp90 inhibitors were tested in numerous phase I
trials, but demonstrated single agent efficacy in patients with refractory multiple myeloma,
acute myeloid leukemia and breast cancer30–32. The response rate with sorafenib in renal
cancer, with no prior VEGF inhibitor therapy, was 10%, with SD rate of 74%. Phase II trial
of tanespimycin in melanoma33 revealed no objective responses or disease stabilization, and
none of the patients received therapy beyond the initial 6 weeks. In kidney cancer, a phase II
trial of tanespimycin34 revealed no objective responses, even though all the patients
enrolled had not received prior VEGF inhibitor therapy. The 70% PR+ SD rate noted in our
trial, despite the pretreated population of renal cancer and melanoma patients enrolled,
compares favorably with that seen in the phase II trials of tanespimycin mentioned above.
Sorafenib appeared to enhance the efficacy of tanespimycin in renal cancer and melanoma
even in a pretreated population. This should prompt the therapeutic development of
combinations of Hsp90 and raf-kinase inhibition in kidney cancer and melanoma. In
addition, the overall tolerability of the combination and the possible association between
Hsp90 and Hsp70 levels and clinical benefit, make a strong rationale for testing the
combination in metastatic renal cancer and melanoma.

In conclusion, the recommended doses for phase II trials are 400 mg twice daily orally of
sorafenib and 400 mg/m2 of intravenous tanespimycin on days 1, 8, and 15 every 28 days.
The combination demonstrated clinical efficacy in metastatic renal cancer and melanoma.
and pharmacodynamic effects of Hsp90 inhibition and Hsp 70 induction.

Translational Relevance

Hsp90 inhibitors are a new class of emerging anticancer agents. Hsp90 is a critical
molecular chaperone for the activation of many oncogenic proteins, including C-Raf. Raf
signaling plays an important role in many cancers, but particularly, renal carcinoma and
malignant melanoma.

Tanespimycin has shown minimal single agent activity in phase I/II clinical trials. We
tested the hypothesis that simultaneous inhibition of Raf activation, by inhibition of
Hsp90 with tanespimycin, and blockage of the Raf/MEK/ERK signaling pathway by
sorafenib, could demonstrate synergy. Proof of concept studies of Hsp90 and Raf-
associated signaling transduction inhibition were done using peripheral blood
mononuclear cells. PK of each of the agents were not altered by the combination, and
drug plasma concentrations at every dose level were above those required to achieve in
vitro PD effects. PD analyses demonstrated down-regulation of Hsp90, increase in Hsp70
levels, and inhibition of C-Raf in responders. Clinical responses and disease stabilization
were mainly seen in renal carcinoma and melanoma patients. The results of the trial
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suggest that the combination of sorafenib and tanespimycin is well tolerated and phase II
studies should be performed in metastatic renal cancer and melanoma.
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Figure 1.
A. Pre-therapy CT scan of chest
B. Post-therapy CT scan of chest
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Figure 2.
A. The trough plasma concentrations of sorafenib and its N-oxide metabolites following first
cycle administration of sorafenib 400 mg twice daily in cancer patients. Values shown are
mean ± standard deviation of the trough levels from 13, 12, 17, 12, and 17 patients,
respectively, on treatment days −14, −7, −1, 8, and 15.
B. Relationship of tanespimycin dose with the Cmax and AUC of tanespimycin (a and b) as
well as with the Cmax and AUC of its metabolite 17-AG (c and d).
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Figure 3. Box plot graphs of log10Hsp 70, log10pErk, log10Hsp90 and log10c-raf in patients with
and without clinical benefit
A. Upper left: Log10Hsp90 relative intensity, pre- and post-therapy, clinical benefit (Δ) vs
no clinical benefit (□).
B. Lower left: Log10Hsp70 relative intensity, pre- and post-therapy, clinical benefit (Δ) vs
no clinical benefit (□)
C. Upper right: Log10c-raf relative intensity, pre- and post-therapy, clinical benefit (Δ) vs
no clinical benefit (□)
D. Lower right: Log10pERK relative intensity, pre- and post-therapy, clinical benefit (Δ) vs
no clinical benefit (□)
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Figure 4.
A. Western blot analysis of Hsp90, Hsp70, c-Raf, and phosphor-ERK in PBMC whole cell
lysates from patients 22 and 20. We used a cell lysate from the prostate cancer cell line PC-3
as a positive control (+ve). Time points are indicated on top of the lanes. In both patients, a
reduction of c-Raf and pERK is seen under therapy with more marked effects in the
combination. Noticeable induction of Hsp70 is seen in patient # 20 PBMC after 17-AAG
treatment.
B. A patient with prolonged clinical benefit (17 cycles) with high baseline levels of Hsp90,
and a marked decrease on days 4 and 18 upon treatment with tanespimycin on days 1, 8 and
15.
Beta-actin was used to probe for equal loading in A and B.
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Table 1

Patient Characteristics (N = 27)

Characteristic N (%)

Median age 56 years (range 31–76 years)

Gender

Male 18(70)

Female 9 (30)

Zubrod Performance status

0 6 (22)

1 21 (78)

Primary site

Kidney 12 (44)

Melanoma 6 (22)

Adrenal 1 (4)

Colorectal 4 (15)

Thyroid 1 (4)

Cervix 1 (4)

Pancreas 1 (4)

Tongue 1 (4)

Histology#

Clear cell 7 (26)

Papillary 3 (11)

Sarcomatoid 2 (7)

Adenocarcinoma 5 (19)

Squamous 2 (7)

Melanoma 7 (26)

Thyroid papillary 1 (4)

Adrenocortical 1 (4)

Visceral Metastases- Liver or Lung

Present 21 (78)

Absent 6 (22)

Number of organ sites involved

One 4 (15)

Two 9 (33)

Three or more 14 (52)

Prior Systemic Therapy

None 4 (15)

Chemotherapy ≥2 regimens 16 (60)

Biotherapy ≥ 1 regimens 7 (25)
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Characteristic N (%)

Prior resections/surgeries*

Kidney cancer; nephrectomy 12 (100)

Melanoma resections 6 (100)

#
Percentages may not add up to 100 due to rounding or overlapping categories.

*
Among only the 12 patients with kidney cancer, and 6 patients with melanoma.
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Table 2

Toxicity

Toxicity by Tanespimycin
dose level Grade1 Grade2 Grade3 Grade4

300 mg/m2 (n = 3)

Liver function abnormality 0 1 0 0

Hand-Foot syndrome 1 0 0 0

Nausea 1 0 0 0

Diarrhea 1 1 0 0

Fatigue 3 0 0 0

Headache 1 0 0 0

Other toxicity 0 3 0 0

350 mg/m2 ( n = 7 )

Hemoglobin 1 0 0 0

Platelets 1 0 0 0

Liver function abnormality 2 0 0 0

Hand-Foot syndrome 0 2 0 0

Nausea 3 2 0 0

Emesis 2 3 1 0

Diarrhea 3 1 1 0

Fatigue 2 0 0 0

Creatinine 1 1 0 0

Headache 1 1 0 0

Myalgias 1 0 0 0

Bleeding 1 1 0 0

Other toxicity 5 1 1 0

400 mg/m2 ( n = 11 )

Neutropenia 0 0 1 0

Hemoglobin 2 1 0 0

Platelets 2 0 0 0

Liver function abnormality 1 0 0 0

Hand-Foot syndrome 0 3 2 0

Nausea 6 1 1 0

Emesis 5 0 0 0

Diarrhea 1 1 0 0

Fatigue 5 2 1 0

Creatinine 0 1 0 0

Infection 0 1 0 0

Headache 1 0 0 0

Myalgias 1 0 0 0

Dyspnea 0 0 1 1

Other toxicity 3 3 2 0

450 mg/m2 ( n = 6 )
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Toxicity by Tanespimycin
dose level Grade1 Grade2 Grade3 Grade4

Hemoglobin 1 0 0 0

Platelets 0 0 1 0

Liver function abnormality 0 0 0 1

Hand-Foot syndrome 1 1 2 0

Nausea 4 0 0 0

Emesis 1 0 0 0

Diarrhea 2 0 1 0

Fatigue 4 1 0 0

Hypertension 0 1 0 0

Infection 0 0 1 0

Headache 2 0 0 0

Abdominal pain 2 0 1 0

Myalgias 1 0 0 0

Other toxicity 3 0 1 0
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